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THE  VOLATILE  MATTER  OF  COAL. 


By  Horace  C.  Porter  and  F.  K.  Ovitz. 


INTRODUCTION. 
SCOPE  OF  BEPOBT. 

The  various  fuel  investigations  that  were  being  carried  on  by  the 
technologic  branch  of  the  United  States  Geological  Survey  were 
transferred  by  law  on  July  1,  1910,  to  a  new  federal  bureau,  the 
Bureau  of  Mines,  that  was  authorized  to  continue  the  investigations 
and  make  public  reports  of  the  results.  In  consequence  of  this 
transfer,  the  following  report  is  published  as  a  bulletin  of  the  new 
bureau. 

The  United  States  Geological  Survey  had  been  engaged  in  analyzing 
and  testing  coals,  lignites,  and  other  mineral  fuel  substances  under 
authority  given  by  act  of  Congress.  This  work,  now  centered  at 
the  experiment  station  at  Pittsburg,  Pa.,  had  its  beginning  in  the 
operations  of  the  coal-testing  plant  erected  at  the  Louisiana  Purchase 
Exposition  in  St.  Louis,  Mo.,  in  1904.  The  results  obtained  at  that 
plant  showed  that  the  work  of  determining  the  fuel  value  of  the  coals 
and  lignites  in  the  United  States  with  a  view  to  increasing  efficiency 
m  their  utilization  would  be  incomplete  if  it  did  not  include  systematic 
physical  and  chemical  researches  into  the  processes  of  combustion. 
Hence  in  its  later  investigations  the  Survey  carried  on  such  re- 
searches, concentrating  attention  on  those  lines  of  inquiry  which 
promised  results  of  greatest  economic  importance. 

This  bulletin  is  a  report  on  an  investigation  of  the  volatile  matter 
in  several  typical  coals — its  composition  and  amount  at  different  tem- 
peratures of  volatilization.  As  the  investigation  is  still  in  progress 
and  will  doubtless  include  other  coals  than  those  already  examined, 
the  bulletin  may  be  considered  a  preliminary  report,  stating  the  prob- 
lems studied,  the  methods  used,  and  the  results  thus  far  obtained. 

SX71CMABT  OF  BEStTIiTS. 

The  investigation  has  already  shown  that  the  volatile  content  of  dif- 
ferent coals  differs  greatly  in  character.  The  volatile  matter  evolved 
from  the  younger  coals  of  the  West  includes  a  large  proportion  of 
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carbon  dioxide,  carbon  monoxide,  and  water,  and  a  correspondingly 
small  proportion  of  hydrocarbons  and  tarry  vapors.  The  older  bitu- 
minous coals  of  the  Appalachian  region  yield  volatile  matter  con- 
taining large  amounts  of  tarry  vapors  and  hydrocarbons,  difficult  to 
bum  completely  without  a  considerable  excess  of  air  and  a  high  tem- 
perature. Coal  of  the  western  type,  moreover,  gives  up  its  volatile 
matter  more  easily  at  moderate  temperatures  than  coal  of  the  eastern 
type.  The  volatile  matter  produced  at  medium  temperatures  is 
rich  in  higher  hydrocarbons  of  the  methane  type,  such  as  ethane 
and  propane,  which  contain  a  lai^er  proportion  of  carbon  than  is 
present  in  methane.  These  facts  help  to  explain  the  difficulty  of  burn- 
ing Pittsburg  coal,  for  example,  without  smoke,  the  low  efficiency 
usually  obtained  in  burning  high-volatile  western  coals,  the  advan- 
tage of  a  preheated  auxiliary  air  supply  introduced  over  a  fuel  bed 
and  the  advantage  of  a  furnace  and  boiler  setting  adapted  to  the 
type  of  fuel  used.  They  bear  directly  also  on  the  question  of  steaming 
** capacity"  of  coals  for  locomotives,  the  designing  and  operation  of 
gas  producers  for  high-volatile  fuels,  and  the  operation  of  coke  ovens 
and  gas  retorts. 

The  results  show  further  that  certain  bituminous  coals  of  the  interior 
and  Rocky  Mountain  provinces  give  promise  of  good  yields  of  by- 
products of  coking,  notably  ammonia  and  high-candlepower  gas, 
comparing  favorably  in  these  respects  with  the  high-grade  coking 
coals  of  the  eastern  province. 

They  show  also  that  inert,  noncombustible  material  is  present  in 
the  volatile  products  of  different  kinds  of  coal  to  an  extent  ranging 
from  1  to  15  per  cent  of  the  coal. 

DEFmrrioN  of  volatile  matter. 

The  term  ''volatile  matter"  in  coal,  as  distinguished  from  the  term 
**  volatile  combustible  matter,"  which  is  sometimes  used,  may  be 
criticised  on  the  ground  that  moisture  is  volatile  and  would  therefore 
by  implication  be  included  in  the  term  "volatile  matter."  However, 
the  present  investigation  shows  that  the  volatile  matter  exclusive  of 
''moisture"  contains  considerable  percentages  of  noncombustible 
materials,  such  as  carbon  dioxide,  water,  and  nitrogen,  and  the  appli- 
cation of  the  term  *' combustible"  is  therefore  hardly  justifiable. 
Less  confusion  seems  likely  to  result  from  designating  the  volatile 
matter  exclusive  of  moisture  "volatile  matter,"  even  though  moisture 
is  also  volatile,  than  would  result  from  applying  the  term  "combus- 
tible" to  material  which  is  one- tenth  to  one-third  noncombustible. 

OBJECT  OF  INVESTiaATION. 

Methods  for  the  quantitative  estimation  of  volatile  matter  have  not 
entered  into  the  present  investigation,  the  object  of  which  has  been 
rather  to  determine  the  composition  of  the  volatile  matter  evolved  at 
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different  temperatures  from  different  types  of  coal  and  to  show  the 
influence  of  this  factor  on  efficiency  in  the  use  of  coal. 

BEABINa  ON  BOILBK-FX7BNACE  OPEBATION. 

If  a  furnace  produces  15  pounds  of  flue  gases  from  1  pound  of  fuel, 
and  if  these  gases,  by  reason  of  improper  firing  or  furnace  setting,  con- 
tain unconsumed  combustible  gases  to  the  extent  by  volume  of  0.5  per 
cent  of  CO,  0.5  per  cent  of  H,  and  0.4  per  cent  of  CH^,  the  theo- 
retical loss  through  these  materials  is  approximately  10  per  cent  of 
the  heating  value  of  the  coal.  For  every  0.1  per  cent  of  CO  in  the 
flue  gas  the  efficiency  is  lowered  theoretically  0.47  per  cent;  for  0.1 
per  cent  of  H,  0.48  per  cent;  and  for  0.1  per  cent  of  CH4,  1.52  per  cent. 

In  the  report  entitled  '*A  study  of  four  hundred  steaming  tests"" 
it  is  shown  that  in  48  tests  made  at  the  St.  Louis  fuel-testing  plant 
of  the  Greological  Survey,  as  the  CO  in  the  flue  gas  increased  from  0.3 
to  0.7  per  cent  the  efficiency  dropped  from  65  to  57  per  cent — about 
2.0  per  cent  for  each  0.1  per  cent  of  CO,  or  four  times  the  above-stated 
theoretical  drop.  The  amounts  of  H  and  CH4  in  the  flue  gas  were 
not  determined  in  these  tests.  In  the  discussion  of  the  relation  be- 
tween efficiency  and  CO,  however,  the  following  statemient  is  made: 
"We  therefore  reach  the  inevitable  conclusion  that  at  least  two-thirds 
of  the  large  drop  in  code  *  boiler  efficiency '  with  rise  of  CO  is  due  to 
incomplete  combustion  losses  not  represented  by  CO,  so  that  high  CO 
is  a  decided  danger  signal."  Very  few  records  of  determinations  of 
hydrocarbons  or  hydrogen  in  flue  gases  are  to  be  found,  presumably 
because  of  the  analytical  difficulty  in  determining  such  small  quanti- 
ties. In  the  report  of  the  Manchester  (England)  Smoke  Committee, 
1895,^^  are  given  some  flue-gas  analyses  showing  in  certain  tests  of 
hand-fired  furnaces  0.25  to  0.40  per  cent  of  CH^  and  0  to  1.0  per  cent 
of  H.  Recent  tests  at  the  Geological  Survey's  plant  on  small  house- 
heating  boilers  using  Pittsburg  slack  coal  have  given  in  the  flue  gases 
as  high  as  2.8  per  cent  of  CO  and  nearly  1.0  per  cent  each  of  H  and 
CH4,  the  conditions  in  these  tests  being,  however,  extremely  unfav- 
orable to  complete  combustion  and  not  parallel  to  those  in  larger 
plants.  There  seems  to  be  a  strong  probability,  nevertheless,  that  in 
the  greater  number  of  smoking  chimneys  volatile  combustible  gases 
are  escaping  which  carry  from  3  to  10  per  cent  of  the  total  heat  value 
of  the  fuel;  and  it  is  easy  to  see  the  importance  of  improving  methods 
for  the  analytical  determination  of  methane  and  hydrogen  in  flue  gas 
and  of  taking  samples  which  are  less  diluted  with  air  by  leakage 
through  the  furnace  setting  and  in  which  the  CO,  CH^,  and  H  would 
therefore  appear  as  larger  percentages. 

a  Bull.  U.  S.  Geol.  Survey  No.  325, 1907,  pp.  28,  65. 
fr  cited  In  Dull.  U.  S.  Qeol.  Survey  No.  334, 1906,  p.  14. 
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E.  J.  Constam  and  P.  Schlapfer,**  in  an  extended  series  of  boiler 
trials  of  European  coals,  have  shown  in  a  striking  manner  the  eflfect 
of  the  amount  and  composition  of  the  volatile  matter  on  the  boiler 
efficiency.  They  found  in  the  flue  gas  from  one  coal  3.5  per  cent  of 
CO  and  1.5  per  cent  of  H,  which  caused  an  efficiency  loss  of  17.2  per 
cent. 

Several  factors  may  enter  into  the  unaccoimted-for  losses  in  the 
heat  balance  of  a  steaming  test.  For  example,  it  is  likely  that  more 
heat  is  carried  away  by  the  flue  gases  (including  steam)  than  is  usu- 
ally charged  to  them,  for  the  reason  that  their  specific  heat  probably 
increases  with  temperature;  and  this  factor  is  of  special  importance 
for  low-grade,  high-moisture,  high-oxygen  coals.  Another  factor 
is  the  loss  of  solid  combustible  material  in  the  chimney  gas,  or  '*  spark- 
ing," which  also  is  more  prevalent  with  low-grade  fuels.  That  the 
most  important  '* unaccounted-for  loss,'^  however,  is  likely  to  be 
found  in  the  unburned  volatile  gases  which  are  allowed  to  escape 
through  lack  of  sufficient  combustion  space  or  of  a  sufficient  supply 
of  heated  air,  the  above  considerations  are  intended  to  show.  The 
present  paper  indicates  that  in  order  to  obtain  high  efficiency  the 
furnace  must  be  adapted  to  the  fuel  and  that  the  character,  as  well 
as  the  amount,  of  volatile  products  is  of  decided  importance.  The 
following  results  of  steaming  tests  made  at  the  Geological  Survey's 
plant,  compared  with  some  results  from  the  present  investigation 
on  the  character  of  the  volatile  matter  in  the  coals  used,  will  further 
illustrate  this  point: 

Table  1. — Steaming  tests  of  various  coals. 


Coal  No. 


W.  Va.  11. 

Pa.  19 

Lab.  3.... 

111.19 

W.  Va.  13. 
Wyo.  4.... 
Lab.  18... 
Wyo.  1.... 

Tex.  4 


Volatile 

matter 

In  dry 

coal  (per 

cent). 


Combus- 
tible gas 
at  600*.a 


Heavy 
hydro- 
carbon 
gases  at 
GOO^.a 


20.8 

32.9 

30.4  > 
33.0  . 
32.  ti  I 
45.4  I 
43.4  I 
43.8  , 

41.  G 


60 

5.G 

75 
106 
110 

8.5 
10.5 
13.8 

142 
1(>5 

19.4 
15.1 

Steam 
test  No. 


56 

(498 
\3a8 


Boiler 

efliciency 

(per 

cent). 


68.3 
63.9 
65.6 


Unac- 
counted- 
for  loss 
(per 
cent). 


6.4 

8.7 
7.1 


CO  in  flue 

gas  (per 

cent). 


lG0-«3 
179-W 
399 


63 

f291 
\298 


54.9 
69.9 
51.2 


11.2 

6.9 

17.6 


0.05 
.01 
.02 


Rate  of 
fiiing.b 


18.1 
20.4 
21.0 


,19 
14 
07 


19.0 
15.7 
24.0 


25 
,0 
0 


22.7 
23.1 
35.2 


a  Volume  in  cubic  centimeters  from  10  grams  in  ten  minutes,  laboratory  test, 
b  Pounds  of  dry  coui  per  square  foot  of  grate  surface  per  hour. 

W.  Va.  11.  Pocahontas  bed,  "smokeless"  coal. 

Pa.  19.  Pittsburg  bed,  Westmoreland  (k>unty. 

Lab.  3.  PitUsburg  bed,  ConnelLsville,  Fayette  County,  Pa.,  similiu-  to  Pennsylvania  19. 

111.  19.  No.  7  seam,  Zcigler,  Franklin  County. 

W.  Va.  13.  "  No.  2  gas  coal."  Page,  Fayette  Cx)unty. 

Wyo.  4.  Bituminous  coal,  Uanna,  Carbon  Cx)unty. 

Lab.  18.  Bituminous  coal,  Diamondville,  Uinta  County,  Wyo.,  somewhat  similar  to  Wyo.  4. 

Wyo.  1.  Hubhituminous,  Sheridan  district,  22  per  cent  moisture. 

Tex.  4.  Lignite,  Wood  County,  36  per  cent  moisture. 


a  ZeiUichr.  Ver.  deutsch.  Ing.,  vol.  53, 1909,  pp.  1837, 1880,  1929, 1972. 
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Inasmuch  as  the  values  given  for  unaccounted-for  losses  in  a  steam- 
ing test  embody  all  the  errors  of  the  other  determinations,  little 
dependence  can  be  placed  on  any  relation  shown  under  that  heading. 
The  relations  shown,  however,  under  boiler  efficiency,  CO,  and  rate  of 
firing,  as  compared  to  ease  of  liberation  of  volatile  gases,  are  instruc- 
tive. Wyo.  1,  for  example,  compared  with  W.  Va.  11,  was  burned 
with  low  eflBciency,  high  CO,  and  high  unaccounted-for  loss,  while  in 
the  laboratory  test  its  gases  were  liberated  much  more  easily.  The 
rate  of  firing  is  an  important  factor.  Coals  of  low  heating  value  must 
be  fired  at  a  high  rate  in  order  to  maintain  a  given  boiler  capacity, 
and  as  these  coals  are  commonly  high  in  volatile  matter,  the  danger 
of  loss  of  volatile  gases  is  correspondingly  great.  W.  Va.  13,  in  the 
table  above,  was  fired  at  a  low  rate,  which  may  account  for  the  fact 
that  it  shows  high  efficiency,  even  though  its  volatile  gases  are  easily 
liberated. 

BBABma  ON  SMOKE  PBODUCTION. 

Visible  smoke  consists  of  solid  carbon  particles  and  solid  or  liquid 
hydrocarbon  particles  or  **tar  .vapors.''  Both  result  from  incom- 
plete combustion  of  the  volatile  products  of  the  fuel.  The  carbon 
of  the  smoke  is  not  derived  from  free  carbon  iti  the  fuel,  but  is 
deposited  by  the  cooling  of  hot  dissociated  hydrocarbon  gases. 
Flame  is  a  phenomenon  accompanying  the  chemical  union  of  cer- 
tain gases,  one  of  which  is  usually  oxygen;**  and  the  incandescent 
solid  particles  make  a  flame  visible.  If  some  of  these  particles  in  the 
flame  are  carbon,  formed  by  the  dissociation  of  hydrocarbons,  lumi- 
nosity results  ;  and  if  the  temperature  of  these  particles  is  reduced  below 
the  point  at  which  they  combine  with  oxygen,  or  if  sufficient  oxygen 
is  not  at  hand  to  effect  the  union,  they  fail  to  unite  with  oxygen  and 
pass  oflF  as  solid  carbon  in  smoke.  These  principles  are  stated  very 
clearly  by  L.  P.  Breckenridge  in  ''How  to  bum  Illinois  coals  without 
smoke.'*''  When  a  coal  produces  rich  volatile  gases,  bearing  large 
amounts  of  heavy  hydrocarbons,  a  combustion  space  must  be  provided 
sufficiently  large  to  allow  the  flame  to  be  burned  out  before  striking 
cool  surfaces;  and  the  flame  must  have  an  adequate  supply  of  air  at 
an  adequate  temperature  if  it  is  to  be  burned  out  in  time.  Further- 
more, when  rich  volatile  products  distill  rapidly  from  a  coal  at  medium 
and  low  temperatures,  they  must  be  taken  care  of  by  increased  com- 
bustion space*or  by  decreased  rate  of  firing.  The  essential  require- 
ments of  smokeless  combustion  are  therefore  three — (1)  sufficient 
combustion  space,  (2)  sufficient  air  at  a  high  temperature,  and  (3) 
sufficient  thorough  mingling  of  gases  and  air — these  three  conditions  to 
be  adapted  to  the  type  of  fuel  and  the  nature  of  its  volatile  products. 
Tabulated  data  and  comparisons  are  given  elsewhere  in  this  paper 
(pp.  32-41)  to  show  the  bearmg  of  the  results  on  the  smoke-producing 

tendencies  of  the  coals  tested. 

\ 

a  Lewes,  V.  B.,  The  luminosity  of  coal-gas  flames:  Proc  Roy.  Soc.,  vol.  57, 1885,  p.  45a 
fr  Bull.  15»  Univ.  nilnois  Eng.  Exper.  Sta.,  p.  7. 
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BEAKING  ON  LOCOMOTIVE  FEaiNG. 

For  locomotive  use  that  coal  is  most  desirable  which  will  give  the 
highest  boiler  efficiency  when  burned  so  as  to  produce  the  required 
high  evaporative  rate  (11  to  14  pounds  of  water  per  square  foot  of 
boiler  heating  surface  per  hour).  Reduction  of  boiler  efficiency 
under  these  conditions  may  be  due  to  several  causes,  chief  among 
them  being  loss  of  sensible  heat,  loss  of  cinders,  and  loss  of  com- 
bustible gases  through  the  stack.  That  the  last-named  iPactor  is  of 
large  influence  it  seems  safe  to  conclude  from  the  general  rule  that 
high  rate  of  firing  involves  increase  of  unconsumed  combustible 
gases  in  the  flue  gas.  In  view  of  the  high  rate  of  firing  and  the  small 
combustion  space  in  a  locomotive,  the  bearing  of  the  nature  of  the 
volatile  products  of  the  fuel  on  the  completeness  of  their  combustion 
under  these  unfavorable  conditions  may  readily  be  seen. 

BEAKING    ON    GAS-PBOBXTCEB,    COKB-OVEN,    AND    GAS-BETOBT 

OPERATION. 

At  the  top  of  the  fuel  bed  in  a  gas  producer  the  volatile  products 
of  the  fuel  are  distilled.  In  many  types  of  producer  these  products 
are  distilled  at  medium  and  low  temperatures,  and  those  of  some 
high-volatile  fuels  contain  such  large  amounts  of  tar  and  heavy 
hydrocarbons  that  it  is  necessary  to  draw  them  do\^Tiward  through 
the  hot  fuel  and  convert  them  into  permanent  gases  in  order  to 
avoid  losses  through  the  deposition  of  tar  and  soot.  The  value  of  a 
knowledge  of  the  nature  of  the  volatile  products  from  different  fuels 
is  evident. 

The  carbonization  of  coal  in  coke  ovens  and  gas  retorts  is  chem- 
ically an  exceedingly  complex  process.  It  involves  the  distillation 
of  volatile  products  at  all  temperatures  from  100°  to  1,200°  C.  The 
composition  of  the  final  volatilized  product  is  determined  not  only 
by  the  temperature  within  the  distilling  substance,  but  also  more 
largely  by  the  temperature  of  the  region  through  which  the  products 
pass.  This  composition  is  a  resultant  of  the  distillation  of  many  coal 
particles,  each  probably  at  a  different  temperature,  and  of  the  time 
and  temperature  conditions  to  which  the  first  products  are  subjected 
after  leaving  their  original  state  of  combination  in  the  coal  sub- 
stance. The  bulk  of  the  mass  heated  and  the  rate  of  supply  of  heat 
from  without  determine  the  time  and  temperature  conditions  to 
which  the  products  are  subjected.  In  the  study  of  industrial  coal- 
carbonization  processes,  coke  ovens,  horizontal  gas  retorts,  and 
vertical  retorts,  therefore,  a  knowledge  of  the  variation  among  coals 
in  the  nature  of  their  resultant  volatile  products  at  different  maxi- 
mum temperatures  should  aid  in  fixing  the  most  favorable  working 
conditions.  The  results  presented  in  this  paper  show  that  the  first 
products  when  coal  is  gently  heated  without  access  of  air  are  COj 
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and  saturated  paraffin  hydrocarbons.  From  coking  and  gas  coals 
the  latter  are  formed  in  abundance,  and  it  is  from  their  decomposi- 
tion at  high  temperatures  that  the  various  constituents  of  coal  gas 
and  coal  tar  are  formed.  Highly  oxygenated  coals  produce  large 
quantities  of  CO2  and  CO. 

NATXJBE  OF  COAL  SI7BSTANCE. 

The  question  whether  coal  is  a  mixture  of  free  carbon,  hydro- 
carbons, and  complex  oxygenated  molecules  or  a  uniform  molecular 
substance  of  definite  composition  has  been  the  subject  of  many 
investigations  but  still  remains  unsolved.  The  most  promising 
method  of  attacking  the  problem  seems  to  be  that  of  extraction  with 
solvents  or  modification  of  the  substance  by  treatment  with  chemical 
reagents,  together  with  systematic  microscopical  examination* 
Such  investigations  are  now  being  carried  on  in  the  laboratories  of 
the  Bureau  of  Mines.  It  is  hoped  that  with  the  results  of  these 
studies  the  data  on  destructive  distillation  afforded  by  the  present 
investigation  may  be  coordinated  in  such  a  way  as  to  aid  in  throwing 
light  on  the  problem. 

EPFBCT  OF  OXYGEN  IN  COAL  ON  CALCULATION  OF  HEAT  VALUE 

FBOM  ULTIMATE  ANALYSIS. 

Oxygen,  as  well  as  ash,  moisture,  and  nitrogen,  exercises  an  anti- 
calorific  influence  on  coal.  Not  only  is  it  a  diluent,  or  so  much  "  dead 
weight,"  like  the  other  three  constituents  mentioned,  but  it  also  neu- 
tralizes or  renders  ineffective  an  equivalent  combining  weight  of  car- 
bon, hydrogen,  or  sulphur.  In  some  coals  this  neutralizing  action 
may  be  accompanied  by  the  development  of  heat,  for  it  is  known 
that  in  destructive  distillation  exothermic  reactions  take  place.** 
But  oxygen  is  nevertheless  in  combination  in  the  coal  substance  and 
must  therefore  be  considered  as  rendering  inert  a  certain  portion  of 
the  fuel  elements.  In  all  the  applications  of  fuel  the  first  stage  in 
the  decomposition  is  probably  the  distillation  of  the  volatile  products, 
and  as  hydrogen  has  a  higher  calorific  value  than  an  equivalent 
weight  of  carbon,  the  distribution  of  oxygen  between  carbon  and 
hydrogen  in  the  volatile  products  has  a  direct  influence  on  the  calorific 
value  of  the  fuel.  Available  hydrogen  has  greater  value  than  avail- 
able carbon.  P.  L.  Dulong's  method  of  calculating  heat  value 
reduces  the  available  hydrogen  by  an  amount  equivalent  to  all  the 
oxygen,  and  therefore  gives  too  low  a  value  in  coals  which  distribute 
a  lai^e  proportion  of  their  oxygen  to  carbon  rather  than  to  hydrogen. 
The  experimental  results  given  in  this  paper  show  that  in  certain 
low-grade,  highly  oxygenated  coals  nearly  two-thirds  of  the  oxygen 

aCoDStam,  £.  J.,  and  Schl&pfer,  P.,  Jour.  Gasbel.,  1906,  pp.  741,  774. 
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appears  in  the  volatile  products  in  union  with  carbon,  and  that  this 
accounts  largely  for  the  difference  between  the  determined  heat  value 
and  that  calculated  by  Dulong's  method.     (See  pp.  43,  44.) 

BELATED  INVESTIGATIONS  BY  OTHEBS. 

E.  Bornstein*  has  carried  out  elaborate  experiments  on  the  dis- 
tillation of  German  bituminous  and  brown  coals  at  temperatures  up 
to  450®  C.  He  obtained  tars  with  no  solid  aromatic  hydrocarbons 
and  gases  containing  large  amounts  of  CO,  and  homologues  of 
methane. 

E.  J.  Constam  and  E.  A.  Kolbe^  distilled  at  high  temperatures  a 
number  of  bituminous  coals  of  varying  composition  and  obtained 
from  those  high  in  oxygen  large  amounts  of  CO,  and  CO  and  corre- 
spondingly less  of  hydrocarbons. 

L.  Vignon*  distilled  at  900°  C.  five  coals  of  varying  known  oxygen 
content  and  attempted  to  establish  a  ratio  between  the  amount  of 
oxides  of  carbon  and  the  oxygen  in  the  coal. 

S.  W.  Parr  and  C.  K.  Francis^  have  distilled  Illinois  coal  (4  to  5 
pounds)  at  200**  to  425*^  C.  for  two  to  three  hours  in  an  inert  atmos- 
phere and  obtained  from  3  to  4,5  per  cent  of  water  of  composition,  a 
small  amount  of  oil,  and  600  to  700  cubic  feet  per  ton  of  gas  high  in 
CO,,  illuminants,  and  "methane."  Homologues  of  methane  are  not 
mentioned  in  the  report  of  this  work,  but  are  probably  included 
under  "methane." 

A.  H.  White,  with  his  assistants,  F.  E.  Park  and  W.  A.  Dunkley,* 
has  studied  the  low-temperature  distillation  of  three  typical  Amer- 
ican coals  with  regard  to  its  bearing  on  the  manufacture  of  illuminat- 
ing gas  and  its  effect  on  the  quality  of  the  coal.  He  distilled  50  to  76 
grams  for  six  to  eight  hours  at  300°  to  500°  C.  and  obtained  small 
quantities  of  liquid  and  oily  distillates  with  1,200  to  2,800  cubic  feet 
per  ton  of  gas  rich  in  methane  and  ethane.  The  following  tabulated 
statement  of  results  is  given: 

Table  2. — Gas  obtained  by  distillation  of  three  typical  American  coals. 


Volume  of  gas  (cubic  feet  per  pound  of  coal) 
Average  composition  of  gas: 

COf 

lUumlnaots 

CO 

H 

CUi 

CiH, 

N 


Pitts- 

Bay 

burg, 

city, 
Mich. 

Pa. 

1.42 

1.15 

2.9 

16.2 

2.2 

4.1 

6.2 

6.0 

26.3 

16.4 

47.0 

37.8 

13.2 

11.8 

2.7 

9.1 

1 

Zeigler, 

in. 


a63 

13.1 
1.6 

5.8 
13.9 
38.0 
19.5 

7.8 


aZeltachr.angew.  Chemle,  vol.  17,  1904,  p.  1520;  Jour.  Gaabol.,  vol.  49, 1906,  pp.  627,  648,  667;  Jour.  Soa 
Cbem.  Ind.,  vol.  25, 1906,  pp.  213, 583. 
&  Jour.  Gasbel.,  vol.  51, 1906,  p.  660. 
c  Boll.  Soc.  chim.,  4th  ser.,  vol.  3, 1908,  p.  109. 

d  Bull.  24,  Univ.  Illinois  Eng.  Exper.  8ta.,  1906;  Trans.  Am.  Inst.  Mln.  Eng.,  1908,  p.  1158. 
e  Am.  Gas  Light  Jour.,  vol.  89, 1906,  p.  621. 
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The  heating  power  of  the  solid  residue  was  greater  than  that  of  the 
coal,  but  the  coking  property  was  destroyed.  The  maimer  and  the 
location  of  temperature  measurements  are  not  stated. 

R.  T.  Chamberlin,  of  the  Unite<I  States  Geological  Survey,  has  made 
a  study^  of  the  gases  liberated  from  coal  at  ordinary  temperature 
by  crushing  in  a  vacuum,  and  of  the  gas  evolved  from  coal  dust  at 
somewhat  higher  temperatures  (200*'  to  450°  C).  At  450°  he  found 
a  continuous  evolution  of  gas  through  one  and  one-half  hours  and 
longer,  which  he  ascribes  laigely  to  chemical  changes  in  the  coal  sub- 
stance induced  by  heat  rather  than  to  liberation  of  imprisoned  gas. 
The  gas  at  450°  consisted  of  60  to  70  per  cent  of  methane,  12  to  18  per 
cent  of  ethane,  5  to  6  per  cent  of  heavy  hydrocarbon  vapors  (ben- 
zene, ethylene,  etc.),  and  small  percentages  of  carbon  dioxide,  carbon 
monoxide,  and  sulphurous  gases.  Chamberlin's  results  are  applied  to 
an  investigation  of  the  causes  of  mine  explosions,  the  relative  explosi- 
bility  of  weathered  and  fresh  dust,  and  the  method  of  accumulation  of 
gas  in  mines.  At  temperatures  below  350°  he  obtained  only  very 
slight  percentages  of  ethane  in  the  gas,  and  concludes  that  in  the 
imprisoned  gases  of  the  coals  studied  (Pennsylvania  and  West  Vir- 
ginia) higher  hydrocarbons  of  the  methane  series  are  not  present  to 
any  appreciable  extent. 

BXPEBIHBNTAL    PLAN    OF    PRESENT    INVESTIGATION. 

It  has  been  the  plan  in  the  present  investigation  to  extend  such 
studies  as  those  described  above  to  several  types  of  American  coals 
and  to  a  greater  variety  of  experimental  conditions  of  such  kind  as 
to  indicate  the  behavior  of  these  coal  types  in  their  industrial  appli- 
cations. It  has  been  borne  in  mind  throughout  that  industrial 
conditions  can  scarcely  be  duplicated  in  the  laboratory,  and  that 
any  selected  set  of  laboratory  conditions  (of  temperature  and  of 
quantity,  for  example)  mu^  be  considered  as  corresponding  to  merely 
a  portion  of  the  varied  conditions  which  exist  simultaneously  in  an 
industrial  application.  The  laboratory  method,  however,  permits 
more  exact  measurements  and  presents  the  further  advantage  that 
a  few  definite  and  controllable  conditions  can  be  selected  from  among 
the  many  indefinite  ones  of  industrial  practice,  and  the  effect  of 
these  conditions  can  be  determined  with  more  certainty.  It  is  not 
claimed  that  the  experimental  data  of  this  investigation  show  abso- 
lute industrial  yields  either  in  quantity  or  composition  of  products, 
but  it  is  held  that  they  afford  a  comparison  of  various  coals  under 
fixed  conditions,  and  also  that  they  justify  conclusions  as  to  the  prob- 
able industrial  behavior  of  the  different  coals,  in  furnace,  coke  oven, 
or  producer. 

0 Notes  on  explosive  mine  gases  and  dusts:  Bull.  U.  S.  Geol.  Survey  No.  383, 1909. 
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For  comparing  coals  as  to  the  composition  and  the  rate  of  forma- 
tion of  their  volatile  products  at  a  number  of  fixed  temperatures, 
10-gram  samples  of  air-dried  powdered  coal  were  heated  in  an  inert 
atmosphere  in  a  platinum  retort.  For  comparing  coals  as  to  their 
yields  of  by-products  of  coking,  xmder  one  fixed  set  of  conditions 
approximating  those  of  industrial  practice,  tests  were  made  on 
400-gram  samples  of  crushed  coal  as  received,  heated  in  a  cast-iron 
retort.  Direct  weighing  of  tar  and  of  water  of  composition  and  the 
determination  of  ammonia  were  capable  of  greater  accuracy  in  the 
400-gram  tests  than  in  the'  10-gram  tests.  Nine  different  coal  types 
were  used,  ranging  from  a  low-grade  subbituminous  coal  from  Wyo- 
ming to  the  high-grade  Connellsville  and  Pocahontas  coals  of  the 
Appalachian  region. 

METHODS. 
COLLECTION  AND  PBEPAKATION  OF  SAMPLES. 

The  samples  of  coal  used  in  these  investigations  were  with  one 
exception  mine  samples  collected  by  representatives  of  the  United 
States  Geological  Siu^ey  in  the  manner  prescribed  for  the  work  of  the 
fuel-testing  plant.*  The  one  exception  was  coal  No.  23  from  a  mine 
near  Harrisburg,  Saline  County,  III.,  this  sample  being  a  car  sample  of 
screened  coal  (2-inch  to  3-inch  size)  taken  by  a  representative  of  the 
Illinois  State  Geological  Survey  from  a  car  at  the  mine,  one  day  after 
it  had  been  mined. 

Samples  of  about  100  pounds  each,  representing  the  entire  seam  aj3 
mined,  were  shipped  to  the  laboratory  in  canvas  bags  or  (in  case  of 
coals  particularly  subject  to  deterioration  from  exposure)  in  tightly 
closed  kegs  or  barrels. 

At  the  laboratory  the  entire  sample  was  crushed  to  J-inch  size  and 
a  portion  of  8  to  10  poxmds  was  taken  by  quartering  for  air  drying. 
From  this  air-dried  portion  a  500-gram  sample  was  taken  by  quar- 
tering, pulverized  to  60-mesh  size  in  the  closed  ball  mill,  and  bottled 
in  a  'lightning''  fruit  jar  for  analysis.  The  bulk  of  the  original 
sample  was  placed  in  a  galvanized  ash  can  having  a  tightly  fitting 
cover,  and  the  balance  of  the  air-dried  sample  not  pulverized  was 
placed  in  a  tin  milk  can  with  a  tight  cover  sealed  with  tape.  The 
time  that  elapsed  between  mining  the  coal  and  placing  it  in  covered 
containers  varied  from  three  to  five  weeks;  during  this  time  there 
was  undoubtedly  some  loss  in  mine  moisture  and  possibly  slight  changes 
in  the  coal  substance  due  to  oxidation.  The  subbituminous  coals, 
however,  wliich  are  high  in  moisture  and  more  subject  to  change, 
were  kept  in  tightly  closed  kegs  and  probably  changed  very  little. 

a  BuU.  U.  S.  GeoL  Survey  No.  290,  IDWi,  p.  17. 
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The  proximate  analyses  and  sulphur,  nitrogen,  and  calorimetric 
determinations  were  made  on  the  air-dried  powdered  samples  accord- 
ing to  the  methods  of  the  fuel-testing  plant  of  the  Survey .* 

TESTS  IN  EaON  BETOBT. 
APPABATUS. 

For  the  purpose  of  comparing  coals  in  respect  to  their  yields  of 
by-products  of  coking  as  well  as  in  the  composition  of  their  volatile 
products,  a  cast-iron  retort  holding  somewhat  less  than  a  pound  of 
coal  was  used,  together  with  apparatus  as  illustrated  in  Plate  I,  A. 

The  bottles  a,  6,  c,  and  d  contain  dilute  sulphuric  acid ;  the  tower 
e  and  condenser  /  contain  glass  beads  over  which  water  flows  from 
the  funnel  g;  the  upper  portions  of  /  contain  absorbent  cotton  to 
collect  the  last  traces  of  tar.  It  was  found  by  placing  two  drops  of 
normal  acid  in  d,  with  a  little  cochineal  as  indicator,  that  no  ammonia 
passed  through  the  acid  in  c.  The  bottle  h  contains  30  per  cent 
potassium  hydroxide  solution  and  the  tower  i  holds  glass  beads  wet 
with  the  same  solution  from  funnel  j.  The  gages  Jc  indicate  the  gas 
pressure  at  the  beginning  and  end  of  the  train.  Temperatures  in  the 
furnace  and  inside  the  iron  retort  were  read  by  means  of  thermo- 
couples connected  through  a  cold  junction  bath  (Z)  and  switch  to 
the  milli voltmeter  (m). 

Figure  1  shows  a  vertical  section  through  the  furnace  viewed  from 
the  side.  This  furnace  was  designed  and  constructed  on  the  plan  of 
those  used  by  A.  L.  Day  in  the  geophysical  laboratory  of  the  Carnegie 
Institution,  Washington,  D.  C*  The  outer  cylindrical  jacket  (A)  is 
of  ordinary  fire  clay  and  the  inner  one  (C)  of  ^^magnesite,''  a  highly 
refractory  material  composed  chiefly  of  magnesium  oxide.  The  inner 
cylinder  rests  upon  small  fire-clay  blocks,  and  the  space  (B)  between 
the  two  cylinders  is  filled  with  light  calcined  magnesia.  For  con- 
venience in  winding  the  heating  coils,  the  inner  cyliudor  is  in  two 
sections  placed  end  to  end.  The  heating  coils  (D)  are  of  pure  nickel 
wire.  No.  13  Brown  &  Sharpe  gage,  and  are  cemented  to  the  inside  of 
the  inner  cylinders  by  means  of  ^^magnesite"  powder  wet  with  water 
and  a  little  gum  tragacanth.  The  strands  of  wire  are  about  2  milli- 
meters apart.  For  winding  the  coils  a  cylindrical  arbor  of  hard  wood 
is  used,  which  is  slightly  smaller  than  the  inside  diameter  of  the  furnace 
and  is  made  up  of  wedge-shaped  sections,  so  as  to  be  collapsible  and 
readily  removed.  The  arbor,  after  covering  with  paper,  is  wound  with 
the  wire,  coated  with  cement,  and  placed  in  the  furnace  cylinder,  and 
the  annular  space  is  packed  with  cement.  After  drying  thoroughly, 
the  arbor  is  removed  and  a  final  surface  layer  of  cement  is  coated  over 
the  coils. 


a  Prof.  Paper  IT.  S.  Ticol.  Survey  No.  48,  190«,  pp.  178-I'.)0. 

5  Day,  A.  h.,  and  Allen,  K.  T.,  Am.  Jour.  Sci.,  4th  sen,  vol.  19, 1905,  p.  93. 
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A  furnace  made  thus  with  nickel  wire  stands  from  50  to  75  heata 
at  IjlOO"  C.  without  renewal  of  the  coils.  The  cemeat  covering  of 
the  coils  must,  however,  be  kept  intact  by  frequent  patching  to 
insure  long  life  of  the  wire.  A  direct  current  of  220  volts  was  used, 
the  strength  varying  from  18  to  25  amperes  according  to  the  varia- 
tion of  the  resistance  with  the  temperature. 

Figure  1  shows  also  a  vertical  section  of  the  iron  retort  viewed  from 
the  side.  When  the  inside  thermocouple  is  used,  it  is  found  con- 
venient to  add  the  coke  through  the  delivery  pipe  after  screwing  it  in 
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place.     The  retort  burns  away  on  tlie  surface  and  can  be  used  for  only 
6  to  8  heats  at  1,100°. 

It  was  found  impracticable  to  liave  tlie  threaded  joint  of  the  retort 
inside  the  furnac*  and  maintain  it  gas  tight  or  to  constrict  the 
neck  of  the  retort  near  the  joint  because  of  difficulty  in  removing  the 
coke.  If  the  tlireads  are  well  made  and  kept  lubricated  with  graphite 
there  is  no  difiiculty  in  keeping  the  joint  gas  tight.  The  walls  of  the 
retort  were  ma<le  heavy  (one-half  inch)  so  as  to  witlistand  better  the 
scaling  effect  of  the  high  heat.    The  conditions  as  to  rate  of  heating 
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were  therefore  somewhat  different  from  those  of  a  coke  oven  or  gas 
retort  where  the  coal  is  chained  directly  into  the  heated  chamber. 
The  difference,  however,  is  due  more  to  loss  by  radiation  through  the 
lai^e  exposed  surface  of  the  retort  outside  of  the  furnace  than  to  the 
presence  of  the  iron  wall  between  the  coal  and  the  furnace.  The  iron 
wall  of  the  retort  transmits  heat  to  the  coal  rapidly,  being  a  better 
conductor  of  heat  than  the  layer  of  partly  coked  coal  which  forms 
next  to  the  walls  of  a  coke  oven  when  the  charge  is  introduced.  The 
temperature  less  than  4  inches  from  the  wall  of  a  retort  coke  oven  has 
been  found  to  remain  below  200®  C.  for  five  hours  after  charging. 

The  radiation,  however,  from  the  front  and  neck  of  the  iron  retort 
lowers  the  temperature  of  those  portions  to  such  a  degree  that  tar 
vapors  and  heavy  hydrocarbon  gases  pass  through  with  less  break- 
ing down  than  in  coke  ovens  or  gas  retorts;  consequently  the  yields 
of  tar  and  heavy  paraffin  hydrocarbons  are  greater  in  the  laboratory 
tests  than  in  commercial  practice.  The  front  part  of  the  retort  is 
filled  with  coke,  in  pieces  of  about  ^-inch  size,  for  the  purpose  of 
preventing  the  crowding  forward  of  coal  and  tar.  This  coke  does 
not  become  hotter  than  600®  C,  on  account  of  the  cooUng  effect  of 
radiation  on  the  front  of  the  furnace  and  retort.  It  is  important  to 
have  the  coal  occupy  the  same  space  in  the  retort  and  be  in  the  same 
relative  position  in  the  furnace  in  all  tests,  for  the  gas  yield  is 
materially  mfluenced  by  these  conditions. 

The  thermocouples  and  millivoltmeter  used  were  standardized  at 
the  beginning  of  the  investigations  by  the  Bureau  of  Standards, 
Washington,  D.  C,  and  found  to  be  correct  within  6®  C.  at  tempera^ 
tures  between  400°  and  1,600®  C,  the  cold  junctions  being  at  26®  C. 
They  were  standardized  also  after  the  completion  of  these  investi- 
gations, at  the  physical  laboratory  of  the  United  States  Greological 
Survey,  by  means  of  the  melting  points  of  pure  zinc  and  pure  copper, 
and  were  again  found  correct  within  the  limit  mentioned. 

The  gas  meter  used  (p,  PL  1,-4)  was  Goodwin's  experimental  gas 
meter  of  0.1  cubic  foot  capacity  per  revolution,  furnished  by  the 
American  Meter  Company.  The  correct  water  level  in  the  meter  was 
established  by  aspirating  about  0.5  cubic  foot  of  air  through  the 
meter  and  determining  its  volume  by  the  weight  of  water  displaced 
in  the  aspirator  bottles.  For  collecting  the  gas  a  55-gallon  barrel 
(r,  PI.  I,  A)  which  had  been  rendered  gas  tight  by  a  coat  of  shellac 
was  used.  The  gas  was  collected  by  displacement  of  water  previously 
saturated  with  gas. 

OPERATION. 

The  furnace  having  been  brought  to  a  temperature  of  1,070®  to 
1,080®  C.  at  its  center,  the  retort  charged  with  400  grams  of  coaJ  and 
100  grams  of  coke,  as  shown  in  figure  1,  and  the  train  of  by-product 
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apparatus  made  ready,  the  retort  was  quickly  placed  in  the  furnace 
and  the  fire-clay  doors  were  replaced.  Connection  was  then  made 
with  bottle  a  (see  PL  I,  A)  and  temperature  readings  were  taken  at 
intervals  of  five  minutes.  The  temperature  of  the  furnace  is  lowered 
to  720®  to  760®  by  the  introduction  of  the  retort,  but  after  about  five 
minutes  begins  to  rise  again  at  the  rate  of  5®  to  6®  per  minute.  Gas 
begins  to  be  evolved  about  five  minutes  after  the  retort  is  placed 
in  the  furnace.  Bottles  a,  6,  c,  and  d,  and  the  tower  e  were  weighed 
with  their  connections  and  contents  before  and  after  th^  test.  The  gain 
in  weight,  together  with  a  correction  for  water  evaporated  (based  on 
the  volume  of  gas  and  its  temperature),  was  taken  as  tar,  water,  and 
ammonia.  These  weighings  were  made  with  an  accuracy  of  0.2 
gram  (0.05  per  cent  on  the  coal  sample  used).  An  approximate  sepa- 
ration of  tar  and  water  was  made,  but  the  method  was  necessarily 
crude  and  no  claim  is  made  for  accuracy  greater  than  1.0  per  cent. 
After  all  the  tar  and  liquor  from  bottles  a,  6,  r,  and  d  were  col- 
lected the  bulk  of  the  aqueous  liquor  was  decanted  and  the  tar 
washed  thorouglily  with  a  measured  quantity  of  water  in  six  or  eight 
successive  portions.  The  water  from  tower  e  was  used  as  part  of  the 
wash  water.  These  washings  were  added  to  the  decanted  liquor  and 
the  whole  was  measured.  The  tar  was  then  distilled  to  180®  C.  and 
the  water  in  the  distillate  was  measured.  The  total  measured  amount 
of  water  less  the  wash  water  added  was  subtracted  from  the  total  tar 
and  water  weighed,  and  the  difference  was  taken  as  dry  tar.  For 
ammonia  determination  the  aqueous  liquor  and  washings  were  made 
up  to  definite  volume  and  aliquot  portions  were  distilled  with  alkali, 
the  ammonia  was  received  in  excess  of  normal  H3SO4  and  the  surplus 
acid  was  titrated  with  normal  NaOH  and  cochineal.  The  degree  of 
washing  necessary  to  remove  all  ammonia  from  the  tar  was  deter- 
mined by  analyzing  successive  washings,  and  an  excess  over  this 
amount  was  used. 

The  water  in  funnel  g  (100  cubic  centimeters)  and  the  KOH  solu- 
tion in  funnel  j  were  admitted  to  the  towers  below  in  small  successive 
portions  during  the  test.  The  KOH  liquor  was  collected  after  the 
test,  made  up  to  definite  volume  and  its  content  of  CO,  determined 
by  evolution  with  acid  and  absorption  in  weighed  potash  bulbs 
according  to  Hillebrand's  method.*  A  blank  was  run  on  the  original 
KOH  solution  and  correction  made  accordingly. 

HjS  was  determined  in  the  KOH  liquor  by  acidifying  a  small  por- 
tion diluted  to  400  or  500  cubic  centimeters  and  titrating  with  deci- 
normal  iodine  solution. 

The  gas  was  measured  by  the  meter,  the  collecting  reservoir  being 
used  merely  for  the  purpose  of  obtaining  v  true  average  sample. 

aHUlebrand,  W.  F.,  The  azuUjsis  of  silicate  aad  carbonate  rodu:  Bull.  U.  S.  Qeol.  Surrey  No.  305» 
1906,  p.  150. 
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The  air  in  the  apparatus  (about  0.2  cubic  foot)  at  the  beginning  of 
a  test  was  allowed  to  mix  with  the  gas  and  the  average  analysis, 
corrected  to  an  air-free  basis,  all  the  oxygen  present  being  assumed 
as  due  to  air.  The  meter  reading,  however,  represents  the  true 
yield  of  gas,  for  the  same  volume  remains  in  the  apparatus  after  the 
test  as  before.  There  is  a  small  error  in  obtaining  the  average  analysis, 
as  the  gas  remaining  in  the  apparatus  at  the  close  is  not  of  the 
average  composition.  Successive  samples  of  gas  were  taken  during 
the  progress  of  the  test,  through  a  T  connection  between  the  meter 
and  reservoir. 

The  coke  was  removed  from  the  retort  and  weighed  to  0.5  gram. 
A  small  amount  of  tar  (less  than  0.5  per  cent)  remains  on  the  walls 
of  the  delivery  pipe. 

By  means  of  the  gages  (Jcy  PI.  I,  A)  a  suction  of  about  2  inches  of 
water  was  maintained  beyond  the  meter  and  the  gas  pressure  in 
bottle  h  was  observed.  This  pressure  varied  from  8  to  25  inches  of 
water  and  served  incidentally  to  indicate  leaks  in  the  apparatus. 
The  test  was  continued  until  gas  practically  ceased  to  be  evolved — 
that  is,  until  less  than  0.01  cubic  foot  per  minute  was  produced. 
The  time  required  to  reach  this  point  varied  somewhat  with  the 
coal  but  was  usually  about  one  hour.  The  inside  temperature  (at 
the  surface  of  the  coal)  usually  attained  800°  C.  The  furnace 
temperature  was  not  allowed  to  rise  over  1,100°  C. 

TESTS  IN  PLATINUM  RETORT. 
APPARATUS. 

For  the  purpose  of  comparing  coals  in  respect  to  the  quantity  and 
composition  of  their  volatile  products  at  different  temperatures,  a 
small  platinum  retort  having  a  capacity  of  about  150  cubic  centi- 
meters was  used,  the  retort  being  provided  with  platinum  cover, 
delivery  tube,  and  inlet  tube.  The  arrangement  of  the  apparatus  is 
illustrated  in  Plate  I,  5,  and  the  detail  of  furnace  and  retort  in 
figure  2. 

The  retort  (a,  PI.  I,  B)  was  connected  by  means  of  heavy  rubber 
tubing  protected  by  asbestos  to  a  6-inch  U  tube  and  6-inch  straight 
tube,  both  tubes  being  filled  with  absorbent  cotton  and  inclosed  in 
air  baths  (&)  maintained  at  110°  C.  Following  the  tubes  containing 
cotton  were  two  5-inch  U  tubes  containing  CaClj  (c  and  d)j  a  pro- 
tecting tube  containing  the  same  («),  and  finally  a  pair  of  5-liter 
aspirator  bottles  (/)  for  collecting  gas.  The  water  in  the  bottles  had 
been  previously  saturated  with  gas.  One  bottle  was  graduated  for 
measurement  of  the  gas  and  contained  a  thermometer.  The  cotton 
tubes  were  previously  dried  in  a  current  of  air  at  110°  C.  Connected 
to  the  inlet  tube  of  the  retort  was  a  20-inch  straight  tube  containing 
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Cad,  (h)  and  a  12-mch  tube  containiog  soda  lime  (g)  for  drying  and 
purifying  the  air  or  nitrogen  entering  the  retort.  Nitrogen  for  these 
tests  was  prepared  by  drawing  a  slow  current  of  air  first  through 


I 

1 
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alkaline  pyrogallol  solution  in  two  wash  bottles  and  then  over  heated 
copper  gauze  in  a  combustion  tube.  The  nitrogen  prepared  in  this 
way  contained  from  0.2  to  0,4  per  cent  of  oxygen. 
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As  shown  in  figure  2,  the  small  vertical  electric  furnace  was 
similar  in  construction  to  the  large  furnace  used  in  the  1 -pound 
tests,  the  dimensions  diflFering,  however,  as  indicated.  The  retort 
has  a  ground  joint  at  A,  which  can  be  kept  gas  tight  if  shaped  by  a 
hard-wood  form  and  polished  with  fine  emery  cloth  before  each  test. 
The  inner  end  of  the  platinum  inlet  tube  is  10  millimeters  above 
the  bottom  of  the  retort  and  the  junction  of  the  inside  thermocouple 
(B)  5  millimeters  above  the  bottom.  It  is  important  that  the  position 
of  this  thermocouple  be  kept  the  same  in  parallel  tests,  for  a  slight 
difference  in  its  elevation  materially  affects  the  temperature  reading. 
The  wires  of  the  couple  were  insulated  by  fine  porcelain  tubes,  but 
the  junction  itself  was  bare.  At  C  the  wires  of  the  thermocouple 
passed  through  a  cork  stopper  and  a  coating  of  sealing  wax;  D  is  the 
inlet  for  dry  nitrogen  or  air.  The  retort  was  placed  in  the  furnace 
always  at  the  same  height  and  the  temperature  of  the  furnace  was 
taken  at  the  level  of  the  bottom  of  the  retort  next  the  furnace  wall. 

In  figure  2  is  shown  also  the  air  bath  for  heating  the  tubes  con- 
taining cotton.  The  inner  cylindrical  chamber  (A)  was  of  tin  and 
was  surrounded  by  a  jacket  of  sheet  asbestos  (B).  The  cover  (C)  was 
of  asbestos.  The  ring  burner  (D)  encircles  the  block  (E)  which 
supports  the  bath. 

OPERATION. 

It  was  found  advisable,  on  account  of  the  necessity  of  aspirating 
in  the  tar  and  water  determinations,  to  run  the  tests  for  gas  separately. 
For  the  gas  tests,  therefore,  the  platinum  retort  was  connected 
directly  to  the  gas-Collecting  bottle,  the  tar  and  water  being  disre- 
garded. The  furnace  temperature  having  attained  constancy  at  the 
desired  point,  10  grams  of  air-dried  powdered  coal  was  placed  in  the 
retort,  the  joint  was  made  tight,  and  the  air  was  displaced  by  nitrogen, 
a  volume  of  nitrogen  being  aspirated  equal  to  three  times  the  capacity 
of  the  retort.  This  amount  of  aspiration  was  found  to  reduce  the 
oxygen  to  less  than  1.0  per  cent  in  the  atmosphere  of  the  retort. 
Connection  was  then  made  to  the  gas-collecting  bottle,  the  retort 
lowered  into  the  furnace,  and  the  time  noted.  Temperature  read- 
ings were  taken  at  one-minute  intervals  inside  and  outside  of  the 
retort  and  when  the  desired  temperature  in  the  coal  (200®  below  the 
furnace  temperature)  was  reached  the  retort  was  quickly  removed 
and  cooled  by  immersing  in  water.  A  thorough  mixture  of  the  gas 
and  nitrogen  was  obtained  by  passing  them  back  and  forth  three 
times  from  the  gas-collecting  bottle  through  the  retort  to  the  nitrogen 
reservoir.  The  gas  was  measured,  its  temperature  taken,  and  an 
average  sample  analyzed.  Although  a  certain  proportion  of  the 
nitrogen  present  is  undoubtedly  produced  by  the  coal,  all  analyses 
were  calculated  to  a  nitrogen-free  basis  to  eliminate  the  effect  of  ' 
dilution  with  the  added  nitrogen. 
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In  the  tar  and  water  determinations  the  gas  was  disregarded. 
After  the  retort  was  filled  with  nitrogen,  the  drying  train  was  con- 
nected and  the  retort  lowered  into  the  furnace,  the  pinchcock  at  D 
(fig.  2)  being  closed.  When  the  inside  temperature  had  reached  the 
desired  point  the  retort  was  removed  and  cooled  as  before  and  4  liters 
of  dry  air  was  drawn  through  it.  During  the  aspirating  process*  the 
platinum  deUvery  tube  was  warmed  with  a  small  fame  to  drive 
out  all  water.  The  gain  in  weight  of  the  retort  cap  and  delivery  tube 
was  determined  and,  together  with  the  gain  in  the  cotton  tubes,  plus 
a  correction  for  light  oils,  was  taken  as  tar.  The  gain  in  the  calcium 
chloride  tubes  less  the  correction  for  light  oils  was  taken  as  water. 
In  tests  at  900°  C.  and  higher  it  is  necessary  to  use  two  cotton  tubes 
in  order  to  retain  all  the  tar,  though  only  one  is  shown  in  figure  2. 
As  oils  volatile  below  11 O*'  C.  are  carried  over  into  the  calcimn  chlo- 
ride tubes  and  weighed  as  water,  a  correction  of  5  per  cent  of  the  tar 
weighed  is  appUed,  this  being  based  on  the  maximmn  percentage  of 
light  oil  in  coke-oven  tar  according  to  Lunge.*'  The  tar  and  water 
separation  is  therefore  approximate  only,  and  no  claim  is  made  for 
greater  accuracy  in  the  separation  than  1  per  cent  on  the  coal. 

METHODS  OF  GAS  ANALYSIS. 
CARBON    DIOXroE,    OXYGEN,    ILLUMINANTS,    AND    CARBON    MONOXIDE. 

For  the  determination  of  carbon  dioxide,  oxygen,  illuminants,  and 
carbon  monoxide  the  Hempel  apparatus  and  the  customary  reagents 
were  used;  for  CO,  a  30  per  cent  solution  of  commercial  NaOH,  for 
oxygen  alkaline  pyrogallol  solution  containing  100  grams  pyrogallol 
and  150  grams  NaOH  per  liter,  for  illmninants  fuming  sulphuric  acid 
(20  per  cent  SO,),  and  for  CO  ammoniacal  cuprous  chloride  solution 
according  to  Winkler's  formula*  (250  grams  NH^Cl  and  200  grams 
CujClj  in  1  liter,  mixed  just  before  use  with  one-third  volume  aqua 
ammonia  of  specific  gravity  0.91 ).  A  record  of  the  use  of  each  pipette 
was  kept  by  noting  upon  it  the  volmne  of  gas  absorbed  during  each 
determination.  For  the  determination  of  more  than  12  per  cent 
of  CO  three  pipettes  were  used  successively.  No  greater  accuracy 
than  0.2  per  cent  was  attempted  in  these  determinations. 

BENZENE. 

For  the  determination  of  benzene  a  large  amount  of  experimental 
work  was  done  in  testing  two  methods,  neither  of  which  proved 
entirely  satisfactory.  The  method  of  D.  A.  Morton,*'  using  sulphu- 
ric acid  of  specific  gravity  1.84,  was  found  to  give  approximately  com- 

o  LuDge,  O.,  Coal  tar  and  ammonia,  3d  ed.,  p.  81. 

b  Winkler,  C,  Technische  Qas  Analyse.  2d  German  ed.,  p.  77. 

e  Jour.  Am.  Chem.  Soc.,  vol.  28, 1906,  p.  1728. 
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plete  absorption  of  the  benzene  from  benzene  and  air  mixtures  in  three 
minutes'  shaking;  but  for  coal  gas  containing  various  other  hydrocar- 
bons as  well  as  benzene  the  method  did  not  yield  concordant  results  on 
the  same  sample  or  on  samples  prepared  by  closely  similar  methods 
and  therefore  was  discarded.  The  method  of  L.  M.  Dennis  and  E.  S. 
McCarthy ;^  using  an  ammoniacal  solution  of  ammonium  nickel 
cyanide,  was  not  found  satisfactory.  The  absorption  proved  incom- 
plete from  known  mixtures  of  benzene  and  coal  gas  in  two  minutes' 
treatment  carried  out  as  directed  by  the  authors,  and  concordant 
results  on  ihe  same  sample  could  not  be  obtained. 

In  giving  results  of  the  gas  analyses  of  the  present  investigation, 
therefore,  no  attempt  has  been  made  to  differentiate  the  constituents 
absorbed  by  fuming  sulphuric  acid,  designated  as  illuminants. 

HYDEOGEN. 

In  most  of  the  tests  hydrogen  was  determined  separately  by  means 
of  palladiiun  asbestos,  as  recommended  by  F.  C.  Phillips,*  the  method 
being  that  of  Winkler.*^  Palladium  black  was  precipitated  upon 
acid-washed  ignited  asbestos  by  the  action  of  alkaline  sodium  for- 
mate on  palladium  chloride  solution,  the  product  being  then  washed, 
dried,  and  ignited  at  a  moderate  red  heat.  A  mixture  of  the  gas 
residue  and  air,  equivalent  to  an  oxygen-hydrogen  ratio  of  at  least 
2:1  by  volume,  was  passed  slowly  over  the  palladium  in  a  small  U 
tube  maintained  at  60®  to  70°  C.  by  a  water  bath.  After  this  mixture 
was  passed  three  times  through  the  tube  the  contraction  was  com- 
plete and  the  gas  was  cooled  by  passing  once  through  the  tube 
immersed  in  water  at  room  temperature.  A  water- jacketed  burette 
was  used  for  this  determination  and  a  Hempel  pipette  containing 
distilled  water  for  receiving  the  gas  after  passage  through  the  palla- 
diiun tube.  The  palladium  asbestos  must  be  dried  thoroughly  after 
each  combustion  of  hydrogen  and  must  be  carefully  protected  from 
contamination  with  acid  fmnes.  According  to  Phillips  hydrogen  is 
completely  burned  under  these  conditions  and  hydrocarbons  are  not 
affected.  The  writers  have  verified  this  statement  by  tests  with 
pure  electrolytic  hydrogen,  and  also  on  samples  of  natural  gas,  test- 
ing for  the  formation  of  CO,. 

METHANE   AND   ITS   HOMOLOGUES. 

For  the  determination  of  hydrocarbons  of  the  general  formula 
CnHjn+j  Winkler's  method  of  slow  combustion  by  a  heated  platinum 
spiral,^  as  modified  by  L.  M.  Dennis  and  C.  G.  Hopkins,*  was  used. 

a  Jour.  Am.  Chem.  Soc.,  vol.  30, 1906,  p.  233. 

b  Am.  Chem.  Jour.,  vol.  16, 1893,  pp.  164-168. 

c  Winkler,  C,  Technische  Gas  Analyse,  2d  German  ed.,  pp.  145-150. 

d  Idem,  pp.  155-157. 

«  Hempel,  \V.,  Gas  analysis  (transl.  of  3d  German  ed.),  p.  1.38. 
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The  combustion  pipette  was  of  glass.  The  spiral  was  made  of  about 
10  inches  of  No.  24  platinum  wire  and  the  ends  of  the  spiral  were 
welded  to  somewhat  larger  platinum  wires  which,  insulated  by  glass 
tubes,  passed  downward  through  the  rubber  stopper  and  were  con- 
nected to  the  source  of  the  electric  current.  It  was  found  necessary 
to  avoid  the  use  of  any  baser  metals  than  platinum  in  the  fittings 
of  the  pipette,  as  a  considerable  error  is  introduced  thus  by  oxidation 
of  the  metal. 

The  total  contraction  and  COj  produced  by  the  combustion  hav- 
ing been  determined,  and  the  contraction  due  to  hydrogen  separately 
determined  by  palladium  and  subtracted,  the  result  indicated  the 
contraction  and  the  CO,  due  to  the  burning  of  methane  and  its  homo- 
logues.  As  shown  by  E.  H.  Eamshaw,^  the  total  volume  of  hydro- 
carbons of  the  type  CnHgn+j  could  then  be  calculated  and  also  the 
value  of  n,  showing  the  average  composition  of  the  hydrocarbon 
mixture.  For  a  given  amount  of  contraction  and  COj  the  total  vol- 
ume of  CnH,ii+2  is  the  same,  regardless  of  the  relative  percentages  of 
CH„  CJI,,  CaHg,  etc.     Thus: 

aH,„^,  +  (^''tl^O,=  (n)  CO,-f-(n  +  l)  HA 

If  V  =  volume  of  CnIl2n+3 

(1 )  Contraction  =  ("  V  +  — ^  v)  -  nV  =  \/^^  ^^ 

(2)  C02  =  Vn. 

By  combining  (1)  and  (2)  Y^lS^^tr^fon--CO, 

and  n  =  -^y— 

V 

Without  further  data  it  is  impossible  to  determine  the  relative 
percentage  of  any  one  of  the  hydrocarbons  when  more  than  two  are 
present. 

If  we  assume,  however,  that  only  methane  (CH^)  and  ethane 
(CjHe)  are  present,  and  find,  for  example,  1.25  for  the  value  of  n  and 
24.0  per  cent  for  the  total  CnH2n+2,  then  ethane  is  25  per  cent  of 
the  total,  or  6.0  per  cent;  if  n  is  found  to  be  1.33  and  the  total  24.0 
per  cent,  then  ethane  is  8.0  per  cent. 

a  Jour.  Franklin  Inst.,  September,  1898. 
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SUMMARY  AND  INTERPRETATION  OF  RESULTS. 

COALS  TESTED. 

The  following  tables  show  the  source  and  composition  of  the  coals 
used  for  the  tests  herein  described: 

Table  3. — Source  of  coal  samples  used  in  tests. 


Labo- 
ratory 
No.« 

State. 

Post-office. 

Seam  or  bed. 

Mine. 

Date 

collected. 

1 

Tlllnoh          

Zeigler,  Franklin  County. . 
Connellsville,  Fayette 
County. 

Page,  Fayette  Connty 

Diets.  Sheridan  County  &. . 

No.  7 

Zeigler 

Letoeniing 
No.  1. 

Ansted 

No.  1 

Baby 

No.  1 

No.  8 

JiiT|0  23, 19117 

3 

Pennsylvania 

West  Virginia 

Wvomine 

Plttaburg 

June  20. 1907 

10 

No.  2  gas 

Oct.     7.1007 

11 

Sept.  24,1007 
Nov.  23,1007 

16 

VIrKiniA. . . 

Pocahontas,  Tazewell 

County. 
Diamondville,  Uinta 

County. 
Harrisburg,  Saline  County 
Castle  Oate,  Carbon  County 
Near    Kemmerer,    Uinta 

County. 

No.3 

18 

Wvomln*. 

Deo.    0,1007 
Jan.   30,1906 

23 

Illinois 

No.  5 

25 

Utah. 

Mar.,       1908 

46 

Wynmlnir 

Willow  Creek 

Mar.,       1009 

•  Special  laboratory  number  not  corresponding  to  those  of  the  general  laboratory  of  the  fuel-testing  plant. 

*  Subbituminous. 


Table  4. — Analyses  of  coals  tested. 


LAboratoTT  No. 

1. 

3. 

10. 

11. 

16. 

18. 

23. 

25. 

46. 

AliMlrying  loss     ^       

1.63 

/    7.67 

\    7.40 

30.38 

54.32 

7.63 

9.19 

20.80 

53.41 

7.51 

0.10 

1.10 

1.09 

30.67 

60.35 

7.88 

1.18 

30.64 

60.31 

7.87 

0.60 

.87 

.98 

32.46 

61.66 

5.01 

1.55 

32.22 

61.26 

4.07 

14.63 

11.45 

10.83 

635.74 

47.74 

5.07 

r  24.40 

\  21.06 

30.52 

40.75 

4.33 

.38 

1.15 

12.28 

36.06 

45.88 

4.88 

.45 

60.44 

5.36 

1.32 

27.55 

5,774 

10,303 

0.81 

.35 

.50 

20.93 

75.51 

3.21 

\l.l6 

20.76 
74.90 

3.18 
.61 

1.07 

2.30 

2.64 

3.48 

42.23 

50.65 

4.48 

4.88 

41.25 

49.49 

4.38 

.41 

.97 

5.21 
1.96 

0.56 
2.30 

1.64 

Analjrsb  of  air-dried  sample: 
Moisture  « 

2.17 

VolatUe  matter.., 

Fixed  carbon 

32.05 

56.75 

9.24 

7.07 

30.37 

53.80 

8.76 

1.48 

1.27 

*46.'24' 

51.38 

6.08 

2.85 

40.04 
51.06 

6.05 
.42 

1.16 

34.01 
58.37 

Ash 

5.46 

Computed  to  "as  received"  basis: 
Moisture' 

3.74 

Volatile  matter 

33.46 

Fixed  carbon 

57.44 

Ash            

5.36 

Sulphur 

.91 

Nitrogen 

t-^poumd  n^me  sample  corretpond- 
ing  to  above. 

Can  No 

3,240 

11.82 

27.66 

55.10 

5.42 

.46 

67.87 

5.44 

1.34 

10.47 

6,645 

11,061 

3,245 

3.24 

27.13 

62.52 

7.11 

.95 

78.00 

5.24 

1.23 

7.47 

7,733 

13,919 

3,625 

2.65 

20.60 

63.50 

4.16 

1.20 

"i'ioi' 

14,587 

Analysis  on  basis  of  sample  as 
reoelved: 
Moisture. , 



Volatile  matter 

::::::::: 

1 

Fixed  carbon 

1 ' 

....         .   .     1  . . 

' 

Ash 

; : 1 

Sulphur 

I 

Carbon 

Hydroeen 

Nitrogen 

Oxygen 

JC^oha 

British  thermal  units 

•Second  detenninations  given  were  made  on  same  samples  twelve  to  eighteen  months  later. . 

^  Determined  by  modified  method;  Somermder,  E.  £.,  Jour.  Am.  Chem.  Soo.,  vol.  28, 1906,  p.  1002. 

c  Alr-drled  No.  11,  same  as  above. 

62574«»— BuU.  1—10 4 
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TB8T8  IN  ntON  BBTOBT    ON   400  GBAHS    OF    COAL  FOB 

BY-PBODXTCTS  OF  COKING. 

SUMMARIES   OF  TESTS. 

In  order  to  determine  the  adaptability  of  certain  western  coals  to 
the  production  of  gas,  tar,  and  ammonia  as  by-products  of  coke 
making  or  of  gas  manufacture,  one  southern  Illinois  coal,  two  Wyo- 
ming coals,  and  one  Utah  coal  were  tested  in  the  iron  retort;  and 
for  standards  of  comparison  several  tests  were  made  on  the  well- 
known  Connellsville  and  Pocahontas  coals  of  the  Appalachian 
region.  A  few  experiments  also  were  carried  out  with  the  Con- 
nellsville coal  for  the  study  of  the  effect  of  moisture  in  the  coal  on 
the  ammonia  yield.  The  following  tables  give  summaries  of  the 
average  results;  elsewhere  in  the  paper  will  be  found  detailed  data 
of  the  individual  tests: 

Table  5. — Results  of  by-product  tests. 


Laborstory  No 

Number  of  tests  averaged 

Coke percent 

Tar do.. 

Water do.. 

Ammonia pounds  of  sulphate  per  ton 

COi per  cent 

HiS do.. 

Oas cubic  feet  per  ton  « 

Coniposltion  of  gas :  6 

Ulumlnants 

CO 

CH4,  CsH«,  etc 

H 

N 

Value  of  n  In  CaHtk+s 

Total  volatile  p^oducts  (without  moisture) . . 

Water  of  constitution 

Inert  volatile  matter' 


16. 

3. 

23. 

11. 

11  (air 
dried). 

25. 

2 

6 

2 

4 

2 

2 

79.1 

71.4 

63.1 

44.7 

53.0 

58.6 

7.2 

11.3 

11.9 

7.1 

5.5 

12.3 

1.3 

4.9 

10.7 

27.5 

19.0 

11.8 

12.9 

23.8 

25.3 

27.2 

26.7 

26.3 

.44 

.72 

1.20 

8.14 

8.41 

3.13 

.07 

.25 

.46 

.08 

.11 

.24 

9,700 

8,140 

8,400 

7,830 

8,170 

7,620 

1.4 

3.2 

3.0 

2.2 

2.6 

5.7 

3.2 

5.1 

7.4 

19.5 

'  .4 

14.9 

26.4 

27.8 

C26.3 

18.1 

c   -.6 

27.2 

67.8 

61.0 

C56.8 

54.0 

C49.3 

47.8 

1.2 

2.9 

6.5 

6.2 

4.1 

4.4 

(0 

1.27 

(0 

1.18 

35.5 

1.32 

19.7 

27.4 

29.8 

33.3 

38.5 

.1 

3.7 

3.6 

5.5 

7.5 

8.9 

.7 

4.7 

5.1 

14.0 

16.3 

12.4 

46. 


2 

63.9 
10.3 
10.0 
26.3 
2.13 
.30 
7,940 

5.5 
12.3 
25.4 
53.1 

3.7 
1.29 
32.4 

6.3 

8.8 


a  Calculated  to  dry  basis  at  0*  C.  and  760  millimeters  pressure,  free  of  air  and  COi. 
b  Calculated  to  COi  and  O  free  basis. 

c  Hydrogen  not  determined  separately  by  palladium  but  calculated  from  combustion;  CH4  probably 
hlKh  and  H  low. 
d  Sum  of  COi,  ammonia,  and  water  of  constitution. 

The  conditions  in  all  the  above  tests  were  approximately  those 
described  under  ** Methods." 

The  western  coals  give  lai^er  ammonia  yields  under  the  laboratory 
conditions  than  the  Connellsville  coal.  The  bituminous  coals,  No.  25 
(Utah)  and  No.  46  (Wyoming),  yield  a  gas  of  good  quaUty,  nearly 
twice  as  high  in  percentage  of  illuminants  as  that  from  the  Connells- 
ville coal.  The  yield  is  somewhat  smaller  than  the  Connellsville  yield, 
however,  when  the  gas  is  freed  of  CO,.  Coal  No.  23,  from  Harrisburg, 
111.,  gives  a  somewhat  higher  yield  of  gas  than  the  Connellsville  coal 
and  the  gas  is  of  similar  composition.  All  these  coals,  except  No.  11, 
produce  coke  in  the  laboratory  test,  but  this  result  can  not  be  relied 
on  even  as  an  indication  of  industrial  coking  possibilities. 


SXTMMABY  OF  BESULTS. 


27 


The  subbituminous  Wyoming  coal,  No.  11,  yields  large  quantities 
of  gas  very  high  in  CO,  and  CO.  Comparative  tests  on  this  coal  as 
received  and  air-dried  are  shown  in  the  above  table.  In  order  to  be 
fairly  comparable,  however,  they  must  be  computed  to  an  equivalent 
basis,  that  of  the  moisture-free  material,  and  the  results  expressed  in 
percentages  of  dry  coal,  as  follows: 

Table  6. — Tata  of  coal  from  Sheridan  fields  Wyoming  {laboratory  No,  11),  computed  to 

dry  basis. 


Coke percent. 

Tar do... 

Water do... 

AxDmonla pounds  sulphate  per  ton. 

COs per  cent. 

Gas  at  0*  C.  and  760  mm.  pressure,  free  of  COs  and  air,  and  dry . . .  cubic  feet  per  ton . 

Water  of  constitution per  cent. 

Inert  Tolattle  matter do. . . 


Coal  dis- 
tilled as 
received. 


57.3 

9.1 

35.3 

35.0 

10.4 

10,020 

7.1 

18.0 


Cool  dis- 
tilled in 
air-dried 
state. 


50.9 
6.2 

21.5 

30.2 

9.6 

9,250 

8.5 

18.4 


The  meaning  of  these  figures  is  that  the  absolute  quantities  of 
products  to  be  obtained  from  the  coal,  either  as  mined  or  partly  dried, 
amount  to  the  above-stated  percentages  of  the  dry  material  present. 
The  ammonia  yield  on  the  basis  of  dry  material  is  greater  from  the 
moist  coal  than  from  the  air-dried  coal;  on  the  same  basis  also  the 
CO,  and  CO  are  slightly  greater  from  the  moist  coal,  but  not  so  much 
greater  as  to  lead  to  the  conclusion  that  any  considerable  amount  of 
the  large  CO,  and  CO  production  is  to  be  ascribed  to  the  action  of 
water  vapor  on  carbon. 

EFFECT  OF   MOISTURE   IN   COAL  ON   AMMONIA   YIELD. 

In  order  to  test  further  the  influence  of  moisture  on  ammonia  yield 
a  few  tests  were  run  on  Connellsville  coal  moistened  so  as  to  contain 
9.6  per  cent  of  water,  and  on  the  coal  as  received,  with  1.2  per  cent  of 
water,  under  conditions  otherwise  as  nearly  the  same  as  possible. 
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Table  7. — Comparative  by-product  tests  on  dry  and  wet  coal, 
[Ckxkl  No.  3,  with  1.2  and  9.6  per  cent  of  moisture.] 


Number  of  tests  averaged 

Coke percent 

Tar do.. 

Water do.. 

Ammonia pounds  of  sulphate  per  ton 

GasatO'C.  and  760  millimeters  pressure,  dry.  .cubic  feet  per  ton 
Comnosltion  of  gas: 

Illuminants 

CO 

CH4,  CiH«,  etc 

H 

N 

Value  of  n  In  CaHta+t 


Percentages  of  ooal 

as  used. 

Distilled 

DlstUled 

dry. 

wet. 

2 

2 

71.4 

66.6 

10.2 

9.2 

6.9 

13.3 

25.0 

24.3 

7,900 

6,640 

1.8 

1.8 

2.7 

2.8 

5.0 

5.1 

29.1 

33.3 

58.7 

55.0 

2.7 

2.0 

1.28 

1.17 

PeroMitages  of 
moisture-free  coal. 


Distilled 
dry. 


Distilled 
wet. 


72. 

10. 

6. 

25. 


8,000 


2 
73.7 
10.2 
14.7 
26.9 
7,350 


On  the  basis  of  dry  material,  the  ammonia  yield  seems  to  be 
greater  again  with  the  wet  coal.  The  gas  yield  is  lower  with  the  wet 
coal,  but  in  composition  the  gas  is  somewhat  richer  in  hydrocarbons. 

VARIATION    IN   GAS    COMPOSITION   DURING   TEST. 

The  analyses  of  gas  samples  taken  successively  during  the  progress 
of  the  400-gram  by-product  tests  show  the  familiar  increase  of  hydro- 
gen and  decrease  of  hydrocarbons  as  the  carbonization  proceeds.  The 
detailed  analyses  are  given  later  in  this  paper.  It  is  of  interest  to 
note  that  samples  taken  early  in  the  tost  (after  the  lapse  of  20  to  25 
per  cent  of  the  coking  time)  contain  in  the  high-grade  coals  50  to  55 
per  cent  of  methane  and  its  homologues  and  that  the  proportion  of 
ethane  and  higher  homologues  is  considerably  greater  in  the  early 
samples.  The  early  sample  from  Pocahontas  coal  is  not  only  rich  in 
hydrocarbons  but  contains  also  a  large  percentage  of  hydrogen  (40 
to  45  per  cent),  wherein  it  differs  from  the  other  coal  types. 

INERT  VOLATILE  MATTER. 

In  the  tabulated  results  (Table  5,  p.  26)  are  given  percentages  of 
inert  volatile  matter  based  on  the  experimental  measurement  of  water 
of  constitution,  CO2,  and  ammonia.  It  will  be  seen  that  this  inert 
material  varies  frqm  4  per  cent  of  the  total  volatile  in  Pocahontas 
coal  to  42  per  c^nt  in  the  subbituminous  coal  of  the  Sheridan  field, 
Wyoming.  The  results  of  tests  on  1 0-gram  samples  of  coal  given  on 
pages  38-40  and  47-54  are  simUar  to  those  above  noted.  These 
values  obtained  experimentally  are  somewhat  smaller  than  those 
obtained  by  calculation,  where  all  of  the  oxygen  is  assumed  to 
combine  with  hydrogen,  forming  water. 
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S.  W.  Parr  **  proposes  a  method  for  the  determination  of  available 
hydrogen  in  coal  by  reference  to  curves  which  show  the  relation  of 
available  hydrogen  to  volatile  carbon  and  total  carbon.  These 
curves  are  plotted  from  the  data  of  ultimate  analyses  and  from  avail- 
able hydrogen  values  calculated  by  converting  all  of  the  oxygen  to 
water.  The  simi  of  available  hydrogen,  volatile  carbon,  and  sul- 
phur is  taken  as  combustible  volatile  and  the  difference  between  this 
and  the  total  volatile  as  inert  volatile.  Many  of  the  values  thus 
deduced  for  the  inert  volatile  matter  are  higher  than  those  obtained 
in  the  present  investigation  by  experimental  measurement  on  account 
of  the  presence  of  CO,  and  CO  in  the  volatile  products;  but  the 
experimental  results  of  the  present  investigation  uphold  the  conten- 
tion of  Parr  and  others  that  considerable  proportions  of  inert  non- 
combustible  materials  are  contained  in  the  volatile  products  of  coal 
and  that  this  factor  varies  with  the  type  of  coal. 

TESTS  IN  PLATINT7H  BETOBT  ON  10  GBAMS  OF  COAL. 
TOTAL   GAS   AT   VARIOUS   TEMPERATURES. 

In  order  to  compare  different  coals  in  the  amount  and  composition 
of  their  total  gaseous  products  at  medium  and  high  temperatures, 
a  series  of  tests  was  run  in  the  platinum  retort  on  10  grams  of 
coal,  placed  in  the  furnace  at  certain  fixed  temperatures  and  heated 
until  gas  practically  ceased  to  be  evolved.  These  tests  were  run  in 
an  atmosphere  of  nitrogen;  the  COj  and  CO  found  are  therefore 
products  of  destructive  distillation,  not  of  combustion.  The  gas 
analyses  as  given  have  been  calculated  to  a  nitrogen  and  oxygen  free 
basis,  it  being  assumed  that  any  oxygen  present  is  due  to  air  admitted 
accidentally  during  the  mixing  and  transferring  of  the  gas  sample. 
The  voliunes  given  under  ''gas  yield"  have  also  been  corrected  for 
air  in  a  few  instances  where  oxygen  was  shown  by  the  analysis.  No 
determinations  of  tar  and  water  were  made  in  these  tests. 

Table  8. — Total  gas  yield  and  composition  at  different  temperatures,  b 

[From  10  grams  air-dried  coal.] 


Temperature  of  foroace •  C. 


Coal  No.  1  (Zelgler,  lU.). 


Highest  temx>erature  reached  in  coal "  C. 

Gas  at  25*  C cubic  centimeters. 

Composltloii  of  gas: 

Dlumtnaiits 

CO 

CH«,CiHe,etc 

H 

Value  of  n  in  CaHto.(.i 


500. 

600. 

700. 

800. 

900. 

1,000. 

390 

480 

585 

685 

811 

920 

197 

535 

980 

1,550 

2,335 

2,700 

23.8 

7.6 

6.4 

3.9 

2.5 

2.7 

6.5 

5.0 

4.1 

3.3 

3.2 

3.7  , 

16.6 

16.1 

21.1 

16.9 

15.2 

15.1 

49.5 

65.0 

41.5 

34.4 

27.8 

23.1 

3.7 

16.3 

26. 9 

41.5 

51.3 

55.4 

;   1.42 

1 

1.29 

1.21 

1.16 

1.22 

1.18 

1,100. 


1,026 
3,120 

1.8 
4.0 

16.1 
19.4 
68.7 
1.23 


a  Jour.  Am.  Chem.  See.,  vol.  29, 1907,  p.  685;   Bull.  Illinois  State  Geol.  Survey,  No.  •3,  1906. 
^  Data  given  are  averages  of  results  of  individual  tests  to  be  found  elsewhere  in  this  paper. 
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Table  8. — Total  gas  yield  and  composition  at  different  temperatures — Continued. 


Coi 

alNo.3 

(ConneUpvUlA.  Pa.^. 

Temperature  of  furoaoe *  C. . 

500. 

600. 

700. 

800. 

900. 

1,000. 

1,100. 

Highest  t4tmperatare  reached  in  coal *  C. . 

Oasat25*  C cubic  centimeten.. 

Composition  of  gas: 

890 
161 

15.9 
9.1 
7.8 

63.3 
3.9 

1.69 

474 
718 

4.2 

7.1 

6.0 

64.4 

18.3 

1.37 

589 
1,220 

3.2 

4.3 

6.3 

65.8 

30.4 

1.27 

705 
1,723 

2.0 

812 
2,060 

1.1 

922 
2,900 

1.2 

4.6 

6.4 

29.0 

58.8 

1.11 

1,010 
3,530 

1.0 

I11uinlnant<! 

4.5          4.8 

5.2 

CO 

7.2 
47.0 
89.3 
1.21 

7.4 
33.2 
53.5 
1.22 

7.3 

CH*.  CfH«.  etc 

26.3 

H 

60.2 

Value  of  n  in  C>Htea.i 

1.15 

• 

Coal  No.  16  (Poca- 
hontas). 

Coal  No.  11  (Dieu, 
Wyo.). 

Temperature  of  furnace *  C . . 

600. 

700. 

1,000. 

500. 

700. 

1,000. 

Hichest  temi>erature  reached  In  coal *  C. . 

615 
1,185 

1.4 

3.5 

&1 

55.2 

34.8 

1.19 

920 
3,230 

.4 

3.7 

4.6 

26.8 

64.5 

1.13 

""*6i7' 

54.3 
3.7 

19.6 

18.9 
3.5 

1.55 

600 
1,300 

21.7 
3.5 
21.5 
29.4 
23.9 
1.19 

920 

Oas  at  25*  C cubic  centimeters. . 

Composition  of  gas: 

238 

5.5 

5.2 

3.5 

70.6 

15.2 

1.46 

3,650 
10.4 

4.5 

CO 

22.3 

CHj.  CiHfl.  etc 

16.3 

H 

46.5 

Value  of  n  in  CaHte^ 

1.26 

Table  9.—  Yield  of  different  gaseous  products  at  600°,  700"",  and  1,000"*  C, 

[Cubic  centimeters  from  10  grams  of  coal.] 


Temperature  of  fur- 
nace  "C. 

No.  of  coal 

Total  gas 

COi 

niuminants 

CO 

CH4,CsH«,etc 

H 

Value  of  n  in  CBHiB4.t 


} 


500. 


700. 


16. 


238 

13 

12 

8 

168 

37 

1.46 


3. 


161 

26 

15 

13 

102 

5 

1.69 


1. 


11. 


197 
47 
13 
33 
97 
7 
1.42 


517 

281 

19 

101 

98 

18 

1.65 


16. 

3. 

1. 

11. 

1,185 

1,220 

960 

1,300 

17 

39 

63 

282 

42 

52 

40 

46 

60 

77 

207 

280 

654 

681 

407 

382 

412 

371 

2b3 

310 

1.19 

1 

1.27 

1.21 

1.19 

1,000. 

10. 

3. 

1. 

1 

3,230 

2,900 

2,700 

13 

35 

73 

120 

133 

100 

149 

186 

406 

866 

841 

624 

2,082 

1,705 

1,495 

1.13 

1.11 

1.18 

11. 


3,650 
380 
164 
814 
595 

1,697 
1.25 


The  coals  used  in  the  tests  above  reported  were  selected  as  being 
representative  of  more  or  less  well  defined  types  and  localities. 

No.  1  is  from  the  Zeigler  mine,  in  the  so-called  No.  7  seam  of 
Illinois.  It  is  representative  of  the  noncoking  Interior  Province 
coals,  among  which  it  ranks  high  in  heating  value  and  steaming 
qualities.  It  has  high  volatile  matter  and  gives  trouble  by  the 
formation  of  mine  gas. 

No.  3  is  the  well-known  coking  coal  of  Connellsville,  Pa.,  of  higher 
heating  value  and  sUghtly  lower  volatile  matter  than  No.  1.  It  is 
fairly  representative  of  the  high-grade  steaming  and  coking  coals  of 
the  Pittsburg  district.  This  type  is  commonly  binned  with  large 
smoke  production  in  boiler  plants. 
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No.  16  is  the  well-known  Pocahontas  coal,  representative  of  the 
high-grade,  low-volatile,  "smokeless"  coals  of  the  lower  West  Vir- 
ginia region.  This  type  has  the  highest  heating  value  of  American 
bituminous  coals,  has  excellent  coking  properties,  and,  though  low 
in  volatile  matter,  gives  a  large  quantity  of  "thin"  gas  on  destructive 
distillation. 

No.  1 1  is  the  subbituminous,  low-grade  coal  of  the  Sheridan  district, 
Wyoming,  commonly  known  as  "black  lignite."  It  is  of  low  heating 
value,  high  oxygen  content,  and  no  coking  properties;  contains  20 


naraE4.— Bmokroouailii 

to  24  per  cent  of  moisture  and  30  per  cent  of  volatile  matter  and 
crumbles  badly  on  exposure  to  the  weather.  It  is  commonly  burned 
with  very  low  efficiency  in  boiler  plants. 

Table  9  and  figure  3  show  the  absolute  quantities  (cubic  centime- 
ters per  10  grams  of  coal)  of  the  different  gaseous  constituents  pro- 
duced at  the  several  temperatures.  The  great  amount  of  CO,  and 
CO  produced  by  the  Wyoming  and  Illinois  coals  as  compared  to  the 
yield  of  the  eastern  coals  is, very  noticeable.  The  eastern  coals,  on 
the  other  hand,  produce  considerably  greater  amounts  of  hydrocar- 
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bons  and  hydrogen  even  at  the  low  and  medium  temperatures. 
Hydrogen  is  given  oflf  more  abundantly  by  the  Pocahontas  coal  than 
by  the  others,  at  both  low  and  high  temperatures.  As  shown  by  the 
value  of  n  in  the  saturated  hydrocarbons  CnHjn+a^  ^he  proportion  of 
higher  members  of  this  hydrocarbon  series  is  greater  at  low  temper- 
atures than  at  high,  and  greater  in  the  Connellsville  type  than  in  the 
others.  In  some  tests  less  than 
half  of  these  hydrocarbons  is 
methane,  the  remainder  being 
ethane  and  higher  homologues. 

VOLATILE  MATTER  DURING  EARLY 
PERIOD  OF  HEATING  AT  VARI- 
OUS TEMPERATURES. 

The  character  of  the  volatile 
matter  produced  diuing  the 
early  stages  of  heating  has  more 
direct  bearing  on  economy  in  the 
utiUzation  of  fuel,  on  smoke  pro- 
duction, and  on  the  efficiency  of 
furnaces  than  that  of  the  vola- 
tile matter  produced  at  later 
stages  in  the  heating.  It  seems 
probable  that  in  the  first  prod- 
ucts driven  off  is  involved  the 
chief  difficulty  in  obtaining  com- 
plete combustion.  Accordingly, 
a  series  of  experiments  was  un- 
dertaken to  show  comparatively 
the  amount  and  character  of  the 
volatile  products  which  differ- 
ent coals  evolve  during  the  first 
brief  period  of  heating  at  vari- 
ous temperatures.  In  one  series 
of  experiments  the  period  of 
heating  was  fixed  by  the  time 
element  alone,  ten  minutes  be- 
ing adopted  as  the  period  best 
suited  to  the  amount  of  coal  and  method  of  heating.  In  another 
series  the  rise  of  temperature  in  the  interior  of  the  coal  itself  was 
allowed  to  fix  the  period,  the  heating  being  stopped  as  soon  as  the 
inside  temperature  reached  a  point  200°  below  that  of  the  furnace. 
By  the  latter  method  the  period  is,  at  the  different  temperatures, 
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more  nearly  in  uniform  relation  to  the  total  time  of  evolution  of  vola- 
tile matter. 

The  coals  used  for  the  determination  of  total  gas  yield  were  used 
also  in  these  experiments;  and  for  the  second  series  two  others  were 
added,.  No.  10,  a  high-volatile  West  Vii^nia  gas  coal,  and  No.  18,  a 
high-volatile  "long flame"  bituminous  coal  from  Diamondville,  Wyo. 
The  latter  does  not  coke  but  is  valued  locally  as  a  high-grade  steam- 


TEMPERATUHE  OF  FURNACE.  QEQREE8  CCNTIOMDE 

[Jncludlng   moisture)  oF  tailj    ^ 


ing  coal  and  is  particxdarly  well  adapted  to  reverberatoiy  furnaces 
in  smelters,  as  it  gives  a  long,  hot  flame.  Determinations  were  made 
also  of  tar  and  water  in  this  early  volatile  matter. 

TABTJLATED   BESOLTS,    EARLY   VOLATILE   MATTEB. 

The  results,  as  compiled  from  the  detailed  data  given  later  in  the 
paper,  are  stated  in  the  following  tables.  The  relation  of  the  compo- 
sition and  volume  of  the  volatile  matter  to  the  temperature  in  the  two 
eeriea  of  experiments  is  shown  graphically  in  figures  4  to  9. 
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TEMKMTURE  OF  FURNACE.  De»EES  CENTIOIUOE 
ut  S.— 8>no1c7  oonnituent*  ot  eaily  volatile  matter;  10  grams  ofalr-drlxl 
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TEMPERATURE  OF  FURNACE.  0EQREE9  CENTIQRAOE 
— COTnbiutlblc  gaaea  and  lu  in  eaily  voUtlle  mUtec;  10  grams  al 
ilr-diled  ooal  beatad  to  dsOnllt  tempvrature. 
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Table  12. — Early  volatile  product  in  second  series  of  tests. 
[  10  grams  of  air-dried  coal  heated  to  definite  temperatures,  200*  below  that  of  fumaoe.] 


Temperature  of  fumaoe .  *  C . 


Time  heated minutes.. 

Tar percent.. 

Water do.... 

Oas  at  25*  C,  cubic  centi- 
meters  

Composition  of  gas:a 

C0« 

niumlnants 

CO 

CHi,  CiH«,  etc 

H 

Value  of  n  in  Ca  Hsa+i 


Coal  No.  1. 


600. 


8.5 


150 

28.2 
7.1 

16.5 

45.7 
2.5 

L38 


75a         900. 


6.3 

6.9 

14.1 

664 

9.5 
4.1 
15.4 
48.4 
22.6 
L21 


4.8 

7.1 

15.2 

1,568 

6.6 
3.7 
15.9 
32.3 
4L5 
L19 


Coal  No.  3. 


600. 


7.7 


15.8 
9.2 
7.1 

60.8 
7.1 

L53 


75a 


7.6 
9.3 
4.7 

817 

3.5 

6.9 

5.5 

6L4 

22.7 

L27 


90a 


6.3 

12.0 

4.7 

1,776 

2.6 

7.0 

7.4 

43.5 

39.5 

L18 


Coal  No.  16. 


600. 


8.2 


66 

13.7 
8.6 
6.2 

63.8 
7.7 

LOO 


75a 


7.3 
3.6 
2.3 

653 

2.6 

4.9 

3.7 

6L6 

27.4 

L24 


900. 


5.8 
6.0 
2.7 

1,640 

L8 

4.5 

4.6 

44.0 

46.1 

L16 


Temperature  of  furnace .  *  C . 


Coal  No.  11. 


Coal  No.  18. 


Time  heated minutes.. 

Tar percent., 

Water do... 

Gas  at  25*  C,  cubic  centi- 
meters  , 

Composition  ofgas:^ 

COj 

Illuminants 

CO 

CH4,CsH«,etc 

H 

Value  of  n  in  CbHsb+i 


600. 


lai 


407 

60.8 
3.7 

20.3 

14.7 
L5 

L52 


750. 


6.6 

3.8 

2L2 

1,056 

30.5 
3.1 
20.7 
24.4 
21.3 
L25 


900. 


3.7 

3.3 

22.6 

2,015 

18.9 
2.5 
23.6 
17.6 
37.4 
L29 


600. 


0.8 


217 

28.9 
9.3 

17.5 

40.0 
4.3 

L34 


750. 


6.9 
1L6 
1L2 

034 

lao 

8.3 
17.3 
44.9 
18.6 
L29 


900. 


6.0 

ia8 

1L9 

1,926 

8.2 
8.6 
18.2 
32.1 
32.9 
L26 


Coal  No.  10. 


600. 


6.6 


136 

12.7 
9.7 
6.2 

6L6 
9.8 

L66 


750. 

6.7 

1L6 

4.9 

966 

4.1 

8.0 

5.8 

57.0 

25.1 

Lao 

900. 


6.0 

12.1 

4.0 

1,963 

2.7 

8.2 

7.6 

40.6 

4L0 

L19 


Table  13.- 


a  Computed  to  oxygen  and  nitrogen  free  basis. 

-Qiuintities  of  various  gases  (cubic  centimeters)  produced  in  second  series  of 

tests. 


TEMPERATURE  OF  FURNACE,  600 

*;  OF  COAL,  400*. 

« 

No.  of  coal 

16. 

3. 

10. 

1. 

18. 

11. 

Time  heated minutes . . 

COi 

8.2 
9 

7.7 

14 

6.6 
17 
8 
13 
84 
14 
L66 

8.5 
42 
25 
11 
68 
4 

L38 

6.8 
63 
38 
20 
87 
9 

L34 

10.1 
243 

CO 

4                'fi 

83 

Tlhiminants.. .     .. 

6 

41 

5 

L60 

8 
54 

7 
L53 

15 

CH4,  CiHfc  etc 

60 

H 

6 

Value  of  n  in  CnHta-t-t 

L52 

TEMPERATURE  OF  FURNACE,  750*;  OF  COAL,  550*. 


Time  heated minutes. 

CO, 

CO 

Illuminants 

CHi,  CiH«,  etc 

H 

Value  of  n  in  CbUsb^^ 


7.3 

7.5 

6.7 

6.3 

6.9 

16 

29 

40 

63 

102 

24 

45 

57 

102 

161 

32 

56 

79 

27 

78 

402 

502 

662 

322 

419 

179 

185 

247 

150 

174 

L24 

L27 

L26 

L21 

L29 

6.5 
321 
219 
33 
268 
225 
L25 


TEMPERATURE  OF  FURNACE,  900 

*;  OF  COAL,  700*. 

Time  heated... 
CO* 

minutes.. 

5.8 

29 

75 

74 

722 

740 

L15 

6.3 
46 
131 
125 
772 
701 
L18 

6.0 
54 
150 
163 
803 
813 
L19 

4.8 
103 
249 
50 
506 
651 
L19 

5.0 
158 
350 
166 
618 
633 
La6 

3.7 
381 

CO 

476 

50 

CUi.  CfHcetc.. - 

356 

H 

\ 

768 

Value  of  n  In  d 

kHtt^    !_•                                                                                                

L20 
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CX>NGLUSIONS  FROM  RESULTS  ON   EARLY   VOLATILE  MATTER. 

The  tabulated  and  plotted  data  given  above  lead  to  several  general 
conclusions. 

The  early  volatile  products  from  the  Illinois  and  Wyoming  coals 
contain  large  proportions  of  inert  constituents  and  of  carbon  monox- 
ide. At  the  lower  temperatures  also  they  contain  more  combustible 
gases  than  those  from  the  eastern  coals.  Smoky  constituents  (shown 
in  figs.  4  and  8)  are  greatest  from  the  Connellsville  coal  and  the  West 
Viiginia  and  Wyoming  gas  coals.  Higher  hydrocarbons,  such  as 
ethane,  are  produced  in  greatest  abimdance  from  the  eastern  coals; 
the  quantity  produced  rises  to  a  maximum  at  about  800°,  then  rap- 
idly falls  on  accoimt  of  decomposition  by  heat.  At  furnace  tempera- 
tures of  500°  and  600°  these  higher  hydrocarbons  constitute  about 
50  per  cent  of  the  total  methane  hydrocarbons. 

On  the  other  hand,  when  the  heating  is  continued  only  to  a  certain 
temperature  in  the  coal,  as  in  the  second  series  of  tests  above,  the 
quantities  of  higher  hydrocarbons  increase  continuously  as  a  higher 
furnace  temperature  is  used,  for  the  time  of  heating  grows  less. 

Coals  of  the  low-volatile  bituminous  type,  represented  by  Poca- 
hontas coal,  produce  hydrogen  abundantly  on  heating  and  also  large 
amoimts  of  methane  hydrocarbons. 

It  is  indicated  that  smokeless  combustion  is  more  difficult  with 
coals  of  the  Connellsville  and  the  West  Virginia  **gas"  types  than 
with  the  southern  Illinois  and  the  Wyoming  subbituminous  types. 
On  the  other  hand,  certain  western  coals  like  that  of  Diamond ville, 
Wyo.,  produce  a  rich  smoky  volatile  matter  at  moderate  tempera- 
tures in  larger  quantities  than  the  eastern  smoky  coals.  Coals  of  this 
Diamondville  type,  of  which  there  are  representatives  in  several 
different  localities  in  the  West,  show  every  indication  of  being  valu- 
able for  the  manufacture  of  illuminating  gas  and  by-products. 

It  is  evident  that  the  geologically  older  Appalachian  coals,  as  com- 
pared to  the  yoimger  western  coal^,  contain  a  larger  amount  of 
bitumen  or  substances  which  readily  liberate  methane  and  ethane 
hydrocarbons  and  hydrogen.  The  western  coals,  on  the  other  hand, 
in  inverse  ratio  to  their  geologic  age,  produce  larger  amounts  of  COj, 
CO,  and  water.  The  readiness  with  which  CO,  is  liberated  in  large 
amounts  even  at  the  lower  temperatures  (300°  to  500°)  indicates  the 
presence  of  compoimds  having  the  direct  carbon-oxygen  linking,  such 
as  the  complex  alcohols,  aldehydes,  or  acids. 

VOULTILB  MATTER  AT  OBDINABY  TEMPEBATUB.ES  AND  AT  lOS""  C. 

In  connection  with  experiments  on  losses  during  storage  of  coal, 
the  writers  have  noted  the  accumulation,  in  sealed  bottles  containing 
coal,  of  considerable  amounts  of  methane  and,  in  comparatively  rare 
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caseS;  also,  of  COj.  Parr  and  Wheeler*  have  previously  noted  this 
accumulation  of  combustible  gas  in  Illinois  coals  in  sealed  bottles,  but 
did  not  collect  or  analyze  the  gas.  The  present  writers  hope  to  pub- 
lish in  another  bulletin  the  results  of  a  series  of  experiments  on  the 
storage  of  coal,  in  which  will  be  embodied  a  large  amount  of  data  on 
the  accumulation  of  gas. 

These  experiments  have  shown  also  a  remarkably  rapid  and  long- 
continued  absorption  of  oxygen  by  coal  in  storage,  with  some  varia- 
tion among  coals  in  respect  to  the  amount  and  rapidity  of  the  absorp- 
tion. R.  T.  Chamberlin  in  his  '*  Notes  on  explosive  mine  gases  and 
dusts,"''  previously  cited,  demonstrates  the  continuous  formation 
and  accumulation  of  methane  from  coal  in  mines,  and  the  rapid 
absorption  by  coal  dust  of  oxygen  from  the  air  without  forming  CO3. 

A  series  of  experiments  on  the  direct  weighing  of  the  products 
driven  ojff  in  drying  powdered  coal  for  two  hours  at  105°  C.  showed 
slight  losses  of  COj  (0.1  to  0.4  per  cent)  with  coals  from  southern 
Illinois  and  the  Sheridan  field,  Wyoming,  but  only  traces  of  hydro- 
carbons. 

TEHPEBATXJIIE  IN  THE  '<  OFFICIAL  VOLATILE-MATTEB " 

DETEBMINATIOK. 

One  gram  of  powdered  coal  was  heated  for  seven  minutes  in  the 
usual  manner  prescribed  for  the  ''official  volatile-matter  determina- 
tion," except  that  a  hole  was  made  in  the  crucible  cover  and  a  ther- 
mocouple inserted  just  imder  the  surface  of  the  coal.  With  coal  No.  1 
(Illinois)  the  maximum  temperature  (830°  C.)  was  reached  in  three 
minutes;  with  coal  No.  3  (Connellsville)  the  maximum  (838°  C.)  was 
reached  in  three  minutes  and  a  half. 

CAIXJTTIiATIOK  OF  THE  HEAT  VALUE  OF  GOAL  FROM  ITS  ULTIMATE 

ANALYSIS. 

The  experimental  results  given  in  the  preceding  pages  show  con- 
clusively that  in  the  process  of  breaking  down  under  the  influence 
of  heat  the  coal  substance  gives  up  its  oxygen  partly  in  the  form  of 
carbon-oxygen  compounds  and  partly  as  the  hydrogen-oxygen  com- 
pound water.  Some  recent  work  by  Vignon  in  Europe  supports  this 
conclusion.*'  The  figures  demonstrating  this  point  are  given  again 
below  in  more  compact  form. 

a  Bull.  17,  Univ.  Illinois  Eng.  Expcr.  8ta.,  1907,  p.  33. 

b  null.  V.  S.  Geol.  Survey  No.  383,  1909. 

c  Vignon,  L.,  Bull.  Soc.  chlm., 4th aer.,  vol.  3,  p.  109. 


SUMMARY  OF  RESULTS. 


43 


Table  14. — Oxygen  relaliona  m  volatile  matter. 
[Values  ar^  percentages  of  alr-dried  cool.] 


Coal. 


No.  16  (Pocahontas): 

4a>^Kram  tests 

UKaam  tests 

No.3(OonneUsvllle): 

400i^am  tests 

lOaam  testa 

No.  1  (Zelgler,  IlL): 

l&^Tain  testa 

No.  11  (Sheridan,  Wyo.;  air  dried): 

lOOigram  tests 

10  gram  tests 


Per  cent  of  oxyeen  com- 
poimdfl  In  YolatlTe  matter. 

and  C0|. 

Oxygen 
in  water. 

CO».o 

CO. 

Water  of 
constitu- 
tion. 

0.44 
.00 

.72 
1.M 

1.66 

8.60 
8.80 

1.21 
1.74 

0.1 
1.5 

3.7 
3.6 

6.7 

7.5 

1.01 
1.66 

0.00 
1.33 

3.20 
3.10 

6.06 

6.67 

2.33 

4.00 

6.00 
8.10 

2.  OB 

4.01 

10.10 
11.03 

Total 

oxygen 

In  dry 

ooal. 


8.18 
3.18 

5.23 
5.23 

0.12 

16.63 
16.63 


a  There  Is  a  possibility  of  the  formation  of  COs  in  slight  amount  from  the  oxygen  of  air  in  contact  with 
the  coal  at  the  l>^;innin^  of  a  test.  On  the  assumption  that  500  cubic  centimeters  of  air  is  in  contact  with 
the  coal,  there  could  be  formed,  if  all  its  oxygen  ento^  into  COt,  only  0.28  gram  of  COi,  or  0.07  per  cent, 
on  400  gFEuns  of  coal. 

Dulong's  calculation  of  heat  value  from  the  ultimate  analysis 
assumes  that  all  of  the  oxygen  of  the  coal  combines  with  hydrogen  of 
the  coal  during  combustion,  thereby  neutralizing,  so  to  speak,  the 
calorific  value  of  an  amount  of  hydrogen  equal  to  0-^8.  Dulong's 
calculation,  as  is  well  known,  gives  for  many  coals  less  calories  than 
are  shown  by  experimental  determination.  The  coals  exhibiting 
these  discrepancies  are  usually  medium  and  low  grade  coals,  high  in 
oxygen,  which,  as  has  been  shown  above,  give  up  their  oxygen  in 
large  part  combined  with  carbon  instead  of  with  hydrogen. 

By  combining  with  carbon  instead  of  with  hydrogen  in  the  coal  the 
oxygen  exercises  less  anticalorific  influence  on  the  efficiency  of  the 
coal,  as  1  gram  of  oxygen  in  combining  with  carbon  to  CO3  neutralizes 
three-eighths  of  a  gram  of  carbon,  or  3,030  calories;  in  combining  with 
carbon  to  CO  it  partly  neutrahzes  three-fourths  of  a  gram  of  carbon, 
thus  neutralizing  f  X  2,417  =  1,813  calories;  whereas  1  gram  of 
oxygen  in  combining  with  hydrogen  to  HjO  neutralizes  one-eighth 
gram  of  hydrogen,  or  J  X  34,460  =  4,308  calories.  The  anticalorific 
influence  of  a  unit  of  oxygen  in  forming  CO2  or  CO  is  therefore  approx- 
imately 70  per  cent  or  42  per  cent,  respectively,  of  its  influence  when 
forming  water. 

In  a  paper  before  the  Geological  Society  of  Washington**  David 
White  called  attention  to  the  uniform  anticalorific  influence  which 
oxygen  exercises  in  coal  and  based  partly  on  this  factor  a  scheme  for 
the  classification  of  coals.  He  states  that  the  negative  value  of  1  per 
cent  of  oxygen  in  "  ordinary  bituminous  coals ''  is  probably  70  to  80  cal- 
ories, or  *'  about  twice  as  groat  as  has  been  supposed. ''    With  reference 

>  Science,  vol.  27, 1908,  p.  537.    8ee  nl.so  White,  David,  The  effect  of  oxygen  in  coal:  Boll.  U.S.  (ieol. 
Survey  No.  3S2, 1900. 
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to  this  statement  one  should  note  that  Dulong's  calculation  assigns 
a  negative  value  to  1  per  cent  oxygen  of  one-eighth  of  1  per  cent  of 
34,460,  or  43  calories,  plus  the  diluent  effect  of  1  per  cent  of  the  coal, 
or  approximately  65  calories,  making  a  total  of  108  calories,  50  per 
cent  greater  than  the  value  which  White,  finds  from  experimental 
results.  This  excessive  anticalorific  value  for  oxygen  in  Dulong's 
method  the  present  writers  propose  to  explain  in  some  degree  by  the 
distribution  of  oxygen  between  carbon  and  hydrogen  as  set  forth 
above. 

If  the  heat  values  of  an  Illinois  coal  (No.  19)  and  of  a  Wyoming 
coal  (No.  11)  are  calculated  by  Dulong's  formula  and  by  formulas 
based  on  the  distribution  of  oxygen  between  11,0,  CO,  and  CO,  accord- 
ing to  the  experimental  results  herein  set  forth,  the  following  values 
are  f  oimd : 

Componlion  and  heat  value  of  Illinois  and  Wyoming  voaU. 


• 

Compodtlon  (water  free): 

Ash 

Carbon 

Hvdrogen 

Nitrogen 

Sulphur 

Oxygen 

CaloriM: 

Dulong's  calculation . 

Modified  calculation.. 

Determined 


nUnois 

Wyoming 
(No.  11)> 

(No.  19).a 

6.16 

6u66 

76.96 

68.90 

4.49 

4.56 

1.52 

1.51 

.S2 

.51 

10.35 

18.96 

7,322 

6,333 

7,4fi3 

6,524 

7,586 

6,582 

a  From  Zelgler,  Franklin  County,  111. 

b  From  Dietz,  near  Sheridan,  Wyo.  (subbitumlnous). 

The  formulas  used  for  the  modified  calculation  are  the  following: 
Illinois  type: 

Calorificvalue  =  8,080(C-0.120xO)  +  34,460(H- 0.063  XO)  +  2,250S. 
Wyoming  type: 

Calorificvalue=8,080(C-0.182xO)  +  34,460(H-0.050xO)  +  2,260S. 


DETAILED  DATA  OF  TESTS. 
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DETAIIiED  DATA  OP  INDIVIDUAL  TESTS. 

Full  details  of  the  tests  on  which  the  conclusions  presented  in  this 
bulletin  are  based  are  given  in  the  subjoined  tables: 

Table  15. — Results  of  by-product  tests  on  400  grams  of  coal. 


Coal 
No. 

Test 
No. 

Coke (per 
cent). 

Tar  (per 
cent). 

Water 

(per 

cent). 

Ammonia 
(I>ounds 

ofsul- 
pbate  per 

ton). 

13.2 

COtCper 
cent). 

H,8(pcr 
cent). 

GasatO'C. 

and  30 
incbes  of 
mercury 

(cubic  feet 

per  ton). 

16 

33 

79.1 

7.2 

1.0 

0.44 

0.08 

10.180 

16 

34 

79.1 

7.2 

1.5 

12.5 

.43 

.06 

9.210 

3 

3 

30 

41 

73.5 
70.8 

25.0 
22.8 

.71 
.72 

.28 
.21 

8,650 
8,670 

13.7 

2.4 

3 
3 

3 

3 

a3 

a3 
23 

42 
43 
47 
fiO 
48 
49 
31 

70.3 
70.8 
72.2 
70.5 
67.1 
66.0 
63.1 

22.0 
22.8 
25.5 
24.4 
24.1 
24.5 
26.4 

8.080 
7,840 
8.000 
7,800 
6,960 
6,325 
8,400 

11.3 

10.5 

9.8 

8.5 

9.8 

12.3 

5.1 

5.6 

6.4 

14.1 

12.5 

11.0 

1 

1.20 

.47 

23 

32 

63.1 

11.5 

10.3 

24.1 

1.19 

.44 

8,400 

11 
11 

22 
24 

44.8 
44.4 

6.9 
&2 

28.4 
25.5 

8.10 
8.22 

.06 
.07 

7.850 
7,890 

26.5 

11 
11 

25 
40 

44.9 
45.0 

6.5 
6.8 

27.0 
29.0 

25.9 
29.1 

8.08 

.10 

7,760 

m 

36 

52.9 

5.3 

19.0 

28.2 

8.62 

.12 

8.540 

b\l 

37 

53.1 

5.6 

19.0 

25.1 

8.20 

.10 

7,790 

25 

51 

58.4 

12.1 

11.5 

25.8 

3.07 

.25 

7.640 

25 

53 

58.7 

12.4 

12.0 

26.7 

3.20 

.22 

7.600 

46 

54 

63.3 

9.9 

ia8 

25.5 

1.86 

.30 

7.950 

46 

57 

64.4 

10.6 

9.2 

27.1 

1.73 

7,930 

a  Coal  moistened  to  9.6  per  cent  of  moisture. 
A  Air-dried  coal,  11.5  per  cent  of  moisture. 
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Table  16. — Analyses  of  samples  of  gas  obtained  successively  during  by-product  tests. 

re  stated  in  order  in  which  thev  were  m 
COi  wa3  remoYed  fh>m  gas  during  test.] 


The  analyses  under  each  test  are  stated  in  order  in  which  thev  were  made.    Unless  otherwise  spedfled 

"    rlni  " 


CkMtl  and  test  Nos. 


Coall6: 
Test  33. 


Test  34. 


Coal  3: 
Test  39. 

Test  41. 


Test  42. 


Test  43. 


Test  47. 
Test  48. 


Test  40. 


Coal  23: 

Test  31.. 


Test  32. 


Test  67. 


Composition  of  gas. 


Coal  11: 

Test  22 

Test  24 

Test  25 

Test  40 

Coal  11  (air  dried) 
Test  36 

Test  37 

Coal  25: 

Test  51 


Coal  46: 
Test  54. 


"Tk- 

lUumi- 

^\J%, 

nants. 

0 

3.6 

0 

1.6 

0 

.6 

0 

0 

.2 

3.4 

0 

2.0 

0 

0 

0 

0 

0 

5.1 

0 

2.4 

0 

6.7 

0 

4.7 

0 

0 

.4 

0 

b3.4 

6.2 

2.1 

3.8 

.6 

.2 

0 

.4 

4.2 

6.5 

2.1 

4.2 

.4 

.2 

6  3.3 

5.0 

3.7 

4.6 

2.4 

3.0 

.5 

.5 

b4.2 

5.4 

2.9 

3.5 

1.4 

.7 

0 

6.1 

0 

4.6 

0 

0 

0 

0 

0 

4.4 

0 

4.2 

0 

.1 

0 

0 

.9 

3.6 

5.8 

1.6 

2.6 

0 

4.0 

3.4 

5.4 

1.8 

.3 

.1 

7.4 

2.6 

10.0 

2.2 

5.6 

.2 

1.4 

4.8 

6.2 

1.6 

11.7 

3.5 

12.2 

2.6 

2.4 

1.0 

.1 

0 

14.0 

3.7 

11.4 

2.9 

0 

0 

.4 

7.8 

.8 

9.2 

.5 

.9 

.5 

.6 

0 

9.1 

1.6 

9.6 

0 

.4 

1.3 

7.2 

0 

6.3 

•2 

.5 

o. 


a6 

.4 

.0 
.2 
.4 
.2 
.2 
.3 

.5 
.3 

5.4 
.5 

0 
.2 

1.6 
.5 
.4 

0 

0 

0 

0 
.3 
.8 
.1 

0 
.7 
.4 

0 

.8 
0 

.1 
0 

.5 

.6 
0 
0 

.2 
.3 
.4 
.2 
.2 
.2 
.3 
.4 
.2 
2.2 
.3 

.5 

0 
.4 
.3 
.2 
.3 

0 

0 
0 
0 
.3 


.2 
.2 
) 

.4 
.2 


CO. 


2.8 

4.0 

.8 

.8 

0 

4.4 

1.0 

.9 

6.1 
6.3 
4.1 
5.8 
8.4 
3.2 
6.2 
6.4 
3.6 
2.4 
6.3 
6.3 
5.8 
5.3 
5.4 
5.4 
2.8 
5.1 
6.5 
4.6 

7.1 
9.4 
6.7 
3.2 
6.8 
9.2 
7.3 
4.3 

12.3 
24.2 
22.9 
12.1 
21.9 
27.5 
10.3 
17.9 
27.6 
19.2 
22.4 

17.7 
19.5 
18.4 
10.2 
16.2 
19.9 
22.2 

12.6 

14.8 

13.9 

7.5 

13.4 
13.6 
10.0 
13.3 
12.9 
8.2 


CH4, 
CtHe,  etc. 


38.2 

31.0 

5.8 

3.1 

50.6 

33.0 

5.9 

3.7 

43.6 
19.3 


43.4 

6.8 

4.7 

49.5 

39.0 

8.3 

8.5 

51.1 

36.3 

12.0 

65.4 

51.6 

35.7 

9.5 


46.4 
17.0 

34.5 

32.4 

7.3 

3.0 

57.7 


13.8 
6.2 

20.4 

9.3 

6.5 

22.1 

18.4 

7.1 

20.2 

19.0 

5.9 


12.4 

37.2 
22.4 
14.2 
9.5 
33.5 
23.9 
12.3 

82.0 

35.2 

9.2 

5.7 

41.9 
25.7 

5.3 
45.2 
26.1 

6.9 


42.7 
62.5 
87.9 
88.3 
31.7 
67.5 
87.7 
89.1 

37.6 
66.^7 


42.3 
84.5 
85.4 
22.0 
45.4 
83.3 
84.3 
25.8 
47.5 
79.3 
27.4 
29.9 
51.7 
83.5 


38.4 
73.7 

35.5 
60.9 
80.4 
81.9 
27.1 


76.4 
80.7 

50.0 
49.6 
57.4 
51.7 
49.9 
55.6 
52.5 
47.3 
50.9 
29.8 
60.3 

23.4 
40.8 
57.1 
68.0 
25.7 
38.3 
58.0 

21.3 
36.6 
68.8 
76.4 

30.3 
46.3 
77.8 
32.2 
51.4 
78.2 


N. 


12.3 
.5 
5.0 
7.6 
.7 
2.9 
5.2 
6.0 

7.2 
5.0 


Value  of 
nin 

CbHsb+I* 


2.3 
5.3 
6.1 
12.1 
2.8 
3.6 
4.4 
8.1 
3.6 
2.3 
3.4 
4.0 
1.7 
3.2 


1.9 
2.6 

17.0 
2.8 
6.6 

11.9 
3.5 


2.4 
9.0 

12.9 
9.3 

10.2 
6.6 
2.4 
9.2 
6.7 
3.2 
9.6 


7.8 

6.0 
2.5 
6.5 
11.9 
6.7 
3.3 
7.8 

5.9 
3.4 
6.7 
9.0 

5.3 
3.2 
6.3 
.8 
2.9 
5.8 


(«) 


1.25 
1.18 


1.19 


1.34 
1.18 


1.31 
1.22 


1.26 
1.28 
1.14 


1.21 


1.33 
1.33 
1.34 
1.71 

1.40 
1.33 
1.68 
1.31 
1.25 
1.48 


a  Not  determined,  as  H  was  not  separately  determined. 
<>  COs  not  removed  during  test. 
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Table  17. — Analyses  of  total  gas  from  by-product  tests. 


Ck)mpo9ltlon  of  gas.a 

Value 
of  nin 

CBlItB+S- 

Coal  No. 

Test 
No. 

liluml- 
nants. 

CO. 

cm, 

C^a, 
etc. 

H. 

N.  _ 

16 

33 

1.8 

3.1 

26.0 

69.0 

.1 

^11 

10 

34 

1.0 

3.3 

26.8 

66.5 

2.4 

3 

39 

3.5 

5.2 

26.4 

60.4 

4.5 

1.23 

3 

41 

3.9 

5.0 

21.4 

66.5 

3.3 

1.46 

3 

42 

3.3 

5.2 

29.3 

59.9 

2.3 

1.19 

3 

43 

3.3 

4.9 

30.1 

58.8 

2.9 

1.18 

3 

47 

2.7 

5.2 

30.3 

58.1 

3.7 

1.26 

3 

50 

2.7 

5.2 

29.3 

61.0 

1.8 

1.29 

3 

48 

2.9 

5.0 

33.3 

58.3 

.5 

1.12 

3 

49 

2.7 

5.4 

34.7 

53.2 

4.0 

1.22 

23 

31 

3.0 

7.3 

29.7 

56.3 

3.7 

(6) 

23 

32 

2.9 

7.5 

22.8 

57.3 

9.6- 

(ft) 

11 

22' 

2.0 

19.9 

19.0 

53.9 

5.2 

(6) 

11 

24 

1.9 

20.0 

18.9 

53.7 

5.5 

(6) 

11 

40 

2.6 

17.8 

18.1 

54.0 

7.5 

1.18 

ell 

36 

2.5 

21.2 

21.4 

51.6 

3.3 

(6) 

ell 

37 

2.6 

21.6 

23.7 

47.0 

5.1 

26 

51 

5.8 

14.0 

27.4 

47.7 

5.1 

1.38 

25 

53 

6.6 

15.9 

27.0 

47.0 

3.9 

1.25 

46 

54 

6.3 

12.8 

24.7 

51.6 

4.6 

1.32 

46 

57 

4.6 

11.9 

25.8 

53.9 

3.8 

1.25 

o  Reduced  by  calculation  to  COt  and  air-free  basis. 

b  Not  determined,  as  H  was  not  separately  determined. 

«  Air-dried  coal. 

Table  18. — Total  gas  obtained  from  10  grams  of  air-dried  coal. 

COAL  NO.  1  (ZEIOLER,  ILL.). 


Temperature  of  ftimace "C. . 

500. 

600. 

700. 

Te»t  No 

60 
390 

20 
130 

7.5 
2.0 
1.8 
4.8 

11.3 
.0 

72.6 

29.3 
7.8 
18.8 
44.1 
.0 
1.48 

226 

71 
490 

17 
570 

4.8 

3.0 

.5 

10.7 

37.3 

8.9 

34.8 

7.4 
4.6 
16.5 
57.7 
13.8 
1.21 

78 
470 

20 
600 

6.1 
3.4 
.3 
10.0 
33.2 
12.0 
36.0 

8.0 
6.3 

15.7 
52.2 
18.8 
1.36 

68 
580 

16 
965 

4.2 
2.5 
.7 
17.7 
33.9 
17.8 
23.2 

5.5 
3.3 
23.3 
44.5 
23.4 
1.18 

81 

Hishest  temperature  In  coal "C . . 

575 

Time    to    reach    highest    temperature, 
Tnfrinteft .  ,  ,  ,    .  ,    ... 

18 

G«B  at  25*  C cubic  centimeters. . 

Composition  of  gas: 
As  collected— 

CDs. 

niumlnants 

O 

264 

10.7 

3.1 

.5 

8.3 

32.2 
4.4 

40..8 

18.2 
5.2 

14.2 

54.9 
7.5 

1.36 

990 

5.0 

3.4 

.4 

CO 

13.0 

CH4,  CtH«,  etc 

26.7 

^1 ................................. 

21.1 

N 

30.4 

Compated  to  N  and  0  free  basis- 
CDs : 

7.2 

4.0 

CO 

18.8 

CH4.  CfH«,  etc 

38.6 

H 

30.6 

Value  of  n  in  CmHte4.i 

1.23 
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THE  VOLATILE  MATTEB  OP   COAL. 


Table  18. — Total  gca  obtained  from  10  grams  of  air-dried  coal — Continued. 

COAL  NO.  1  (ZEIOLER,  ILL.)— Contloued. 


Temperature  of  furnace *C.. 

800. 

900. 

1,000. 

1,100. 

Test  No 

85 
679 

12 
1,500 

3.0 
3.0 
.4 
14.0 
25.0 
36.4 
19.2 

3.7 
3.7 
17.5 
31.1 
44.0 
1.17 

93 
091 

12 
1,600 

3.4 
2.4 
.2 
13.9 
32.1 
33.3 
14.7 

4.0 
2.8 
16.3 
37.8 
39.1 
1.16 

88 
797 

10 
2,290 

2.0 
3.2 
.3 
13.6 
24.0 
46.0 
U.9 

2.3 
3.7 
15.5 
27.3 
61.2 
L26 

97 
a  832 

8 
2,380 

2.4 
2.4 
1.0 
13.2 
25.1 
46.4 
10.6 

2.7 
2.7 
14.9 
28.4 
51.3 
1.18 

90 
920 

7 
2,700 

2.2 
3.1 
1.6 
12.6 
19.2 
46.0 
16.5 

2.7 
3.7 
15.1 
23.1 
65.4 
1.18 

99 

lYighest  temperature  in  coal "C. . 

Time    to    reach    highest    temperature, 
minutes 

1,026 
6 

Gas  at  25**  C cubic  centimeters. 

3,120 
1.6 

Composition  of  gas: 
As  collected— 

COs 

Illuminants 

3.5 

0 

.3 

CO 

14.0 

CH«,  Ctllto  etc 

16.9 

H 

51.2 

N 

12.6 

Computed  to  N  and  0  free  basis— 

C0| 

1.8 

4.0 

CO 

16.1 

CH4,  CiU«,  etc 

19.4 

H 

58.7 

Value  of  n  in  CBHiM.t 

1.23 

a  Test  run  in  air  instead  of  in  nitrogen. 
COAL  NO.  3  (CONNELLSVILLE,  PA.). 


Temperature  of  furnace 'C. 

Test  No 

Highest  temperature  in  coal 'C. 

Time  to  reacn  highest  temp^titure minutes. 

Gas  at  26**  C cubic  centimeters. 

Composition  of  gas: 
As  collected- 

COi 

Illuminants 

O 

CO 

CHi.CiHe,  etc 

H 

N 

Computed  to  N  and  O  free  basis— 

(5o, 

Illuminants 

CO 

CH4,CfH«,etc 

H • 

Value  of  n  in  CnHsa+i 


600. 


600. 


700. 


61 

227 

390 

1 

24 

150 

i72 

3.8 

4.8 

1.8 

3.7 

3.1 

.8 

1.8 

2.4 

9.5 

34.0 

.0 

3.9 

80.0 

60.4 

22.0 

9.9 

10.6 

7.6 

10.6 

5.0 

66.8 

60.7 

0 

7.8 

1.87 

1.60 

79 

84 

487 

478 

14 

15 

730 

706 

2.8 

2.6 

4.4 

4.6 

.8 

.5 

4.6 

3.1 

43.9 

38.8 

13.2 

10.6 

30.3 

39.8 

4.0 

4.4 

&3 

7.8 

6.6 

6.3 

64.0 

64.9 

19.1 

17.6 

1.39 

1.35 

77 

82 

677 

577 

13 

17 

1,280 

1,160 

2.6 

3.5 

.1 

4.2 

41.4 

23.5 

24.7 

3.8 

4.6 

6.6 

66.1 

31.0 

1.31 


1.8 

3.0 

.8 

4.8 

42.4 

22.6 

24.7 

2.5 

4.1 

6.9 

66. 6 

29.9 

1.23 


Temperature  of  furnace 

"C.. 

800. 

900. 

1,000. 

1,100. 

Test  No 

i             87 

689 

11 

1,685 

1.6 

3.8 

.5 

6.2 

40.9 

.34.2 

12.8 

1.7 

4.7 

7.1 

47.1 

39.4 

1.24 

94 

89 

810 

9 

2,060 

.8 

3.6 

3.7 

5.4 

24.2 

39.0 

23.4 

1.1 

4.8 

7.4 

33.2 

63.5 

1.22 

92 

922 

7 

2,900 

1.0 

4.0 

.2 

6.6 

26.9 

62.9 

10.4 

1.2 

4.6 

6.4 

29.0 

68.8 

1.11 

106 

Highest  temperature  in  coal 'C . . 

Time  to  reach  highest  temperature minutes. . 

Gas  at  26*  C cubic  centimeters. . 

ComposlUon  of  eas: 
As  collectea— 

COt 

1,008 

5 

1,760 

2.0 

3.6 

.2 

6.4 

40.6 

33.9 

13.4 

2.3 

4.2 

7.4 

46.9 

39.2 

1.18 

3,530 
1.0 

Illnmiiants. ....... , , .  

4.6 

0 

.3 

CO 

6.6 

CHi.  CiH*.  etc 

23.9 

H 

64.8 

N 

8.8 

Computed  to  N  and  0  free  basis— 

1.0 

Illuminants 

6.2 

CO 

7.3 

CHi,  CiH«.  etc 

26.3 

H 

60.2 

Value  of  in  CnHiba.« 

1.15 

DETAILED  DATA  OF  TESTS. 
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Table  18. — Total  gaa  obtained  from  10  grams  of  air-dried  coal — Continued. 

COALS  NO.  16  (POCAHONTAS,  VA.)  AND  NO.  11  (DIETZ,  WYO.). 


Coal  No.  16. 

Coal  No. 

11. 

r 

Tempentnre  of  fornaoe *C. . 

£00. 

700. 

• 
1,000. 

500. 

700. 

1,000. 

Test  No 

229 

230 

96 
612 

13 
1,190 

1.0 

2.8 

.4 

4.2 

45.0 

27.5 

19.1 

1.3 

3.5 

5.2 

55.9 

34.1 

1.17 

100 
617 

14 
1,176 

1.2 

2.8 

.4 

4.0 

44.2 

28.8 

18.6 

1.5 

3.5 

4.9 

54.6 

35.5 

1.21 

107 
920 

8 
3,230 

.4 

3.4 

.4 

4.2 

24.5 

50.0 

8.1 

.4 
3.7 

4.6 
26.8 
64.5 

1.13 

228 

■"6i7* 

39.8 

2.7 

.2 

14.4 

13.9 
2.5 

26.5 

54.3 
3.7 

19.6 

18.9 
3.5 

1.55 

101 
600 

10 
1,300 

17.9 
2.9 
.3 
17.7 
24.2 
19.6 
17.4 

21.7 
3.5 
21.5 
29.4 
23.9 
1.19 

104 

Ilifibest  teiDDerature  In  coal *C. . 

920 

Time  to  reach  highest  temperature, 
minutes 

6 

Gas  ftt  25*  C cubic  centimeters. . 

As  collected-- 

COf 

240 

2.8 

2.8 

.8 

2.3 

236 

3.0 

2.8 
.7 

1.9 
38.4 

8.3 
44.9 

5.5 

5.2 

3.5 

70.6 

15.2 

1.46 

3,650 
9.4 

4.1 

O 

.5 

CO 

20.2 

CH4.C«H«.etc 

14.7 

H 

42.1 

N 

9.0 

Computed  to  N  and  O  free  basis— 
COi 

10.4 

lUDmlnantf . . . , 

4.5 

CO 

22.3 

CH4.  C^Hc.  etc 

16.3 

H 

46.5 

Value  of  n  in  C.Hte4.i 

1.25 

Table  19. — Early  volatile  products  from,  ten  minutes'  heating  of  10  grams  of  air-dried 

coal. 

COAL  NO.  1  (ZEIGLER,  ILL.). 


Temperature  of  furnace *C. . 

500. 

600. 

700. 

• 

800. 

900. 

• 

Test  No.  o 

59 
345 

60 

445 

6.3 

11.8 

175 

7.8 

3.4 
.9 

6.3 
22.6 

2.3 
50.7 

18.5 
8.0 

14.9 

53.3 
5.3 

1.48 

73 

435 

7.1 

12.7 

171 

7.7 

3.5 

.3 

8.0 

18.3 

.4 

61.8 

20.3 
9.2 

21.1 

48.3 
1.1 

1.62 

62 

550 

7.9 

13.9 

485 

6.4 

3.9 

.9 

10.4 

231 
540 
8.5 
13.3 
800 

7.5 
2.8 
.3 
13.1 
36.9 
19.6 
19.8 

9.4 
3.5 
16.4 
46.2 
24.5 
L23 

76 

670 

9.7 

13.5 

1,224 

3.2 

3.2 

.2 

14.6 

83 
680 

"*i;286' 

3.4 
3.2 
.3 
13.3 
29.5 
29.5 
20.8 

4.3 
4-1 
17.0 
37.3 
37.3 
1.18 

132 

Highest  temperature  in  coal *C. . 

Tar.               percent.. 

9."i 

Water. .. ..  - do 

14.4 

Gas  at  25*  C cubic  centimeters. . 

Composition  of  gas: 
As  collected— 

COs 

90 

5.0 

0 

2.6 

1.8 

2.7 

0 

87.9 

52.7 

0 

18.9 

28.4 

0 

2,240 
3.3 

2.9 

0 

CO 

CH4.CtHs.etc 

.6 
13.0 
26.7 

H 

42.9 

N 

10.6 

Computed  to  0  and  N  free  basis— 
Co, 

3.7 

lUurninants .... 

3.3 

CO 

14.0 

CH4.  CiH«,  etc 

30.1 

H    

48.3 

Value  of  n  in  CmH*^* 

LOO 

a  Number  of  test  applies  to  test  for  gas  only. 
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Table  19. — Early  volatile  producUfrom  ten  nUnules*  heating  of  10  grams  of  air-dried 

coal — Continued . 


COAL  NO.  3  (CONNELLBVILLE,  PA.). 


Temperature  of  lumaoe ^ ^C. . 

600. 

600. 

700. 

Test  No 

66 
335 

70 
465 
6.1 
3.1 
162 

3.2 

4.2 
.5 

2.9 
23.6 

2.6 
63.0 

8.8 
11.5 

8.0 
64.6 

7.1 
1.65 

72 
462 
6.3 
2.7 
233 

3.0 

4.0 

.9 

2.9 

39.1 

.3 

49.8 

6.1 

8.1 

5.9 

79.3 

.6 

i.ao 

75 
416 

64 

Highest  temperature  in  coal *C.. 

Tar per  ceot . . 

565 
12.6 

Water do. . . . 

3.2 

Oas  at  25*  C cubic  centimeters. . 

Composition  ofgas: 
As  coliecteo— 

COi 

8 

176 

3.2 

4.3 

.6 

3.2 

30.8 

.0 

67.9 

7.7 
10.4 

7.7 
74.2 

0.0 
1.40 

668 
2.6 

Uluminants 

5.8 

0 

.3 

CO : 

3.7 

CHi,  CtH«,  etc 

H 

N 

Computed  to  0  and  N  tree  hasi-s  - 

COi 

Uluminants 

CO 

CHi,  CiH«,  etc 

U...... ........•.•...■.■...■■•.•. >.•........ 

Value  of  n  in  C.Utn-4.9 

Temperature  of  furnace 'C. . 


Test  No 

Highest  temperature  in  coal *C. 

Tar percent. 

Water do . . , 

Oas  at  25"  C cubic  centimeters. 

Composition  of  gus: 
As  collected— 

COi. ■. 

Uluminants 

O 

CO 

CH<,C«H«,etc 

H 

N 

Computed  to  O  and  N  free  basis— 

COt 

Uluminants 

CO 

CH<,  CjHa,  etc 

H 

Value  of  n  in  CaHia+s 


700. 

800. 

65 

232 

80 

86 

555 

565 

606 

679 

10.6 
2.7 

12.9 

4.2 

1,400 

1.6 

13.5 

3.8 

1,350 

1.0 

990 

1.7 

2.3 

4.7 

6.0 

6.3 

4.5 

3.0 

.3 

.7 

.3 

4.4 

4.7 

6.4 

5.9 

35.4 

47.3 

36.0 

30.1 

13.5 

22.8 

27.6 

31.7 

37.3 

17.6 

22.4 

26.5 

2.8 

2.8 

2.1 

1.4 

7.8 

6.1 

6.9 

6.1 

7.4 

5.7 

8.3 

8.1 

59.2 

57.6 

46.8 

41.2 

22.8 

27.8 

35.9 

43.2 

1.50 

1.31 

1.25 

1.41 

900. 


133 


12.5 

4.7 
2,180 


2.2 

4.8 
.4 

6.4 
31.9 
45.0 

9.3 

2.4 

5.3 

7.1 

35.3 

49.9 

1.19 


COAL  NO.  16  (POCAHONTAS,  VA.). 


Temperature  of  furnace 'C. . 

500. 

600. 

700. 

800. 

900. 

Test  No 

124 

119 

120 

122 

103 
599 
4.4 

1.7 
675 

1.4 

3.2 

1.6 

2.8 

44.1 

20.3 

26.6 

1.9 

4.5 

3.9 

61.4 

28.3 

1.27 

115 

127 

131 

Highest  temperature  in  coal *C.. 

Tar percent.. 

Water do.... 

Oas  at  25*  C cuDic  centimeters. . 

Composition  of  gas: 
As  collected— 

COi 

0.3 
.8 

4 

0.9 

1.2 

96 

3.6 

2.8 
.3 

2.2 
14.7 

2.2 
74.2 

14.1 
11.0 

8.6 
57.7 

8.6 

1.0 

1.3 

40 

2.8 
1.6 
1.6 
1.8 

11.1 

0 

81.1 

16.2 
9.2 

10.4 

64.2 
0.0 

1.48 

62" 

3.0 

2.2 

.5 

1.9 

14.0 

0 

77.8 

13.8 
10. 1 

8.8 
67.3 

0.0 
1.32 

6.7 

2.1 

1,590 

1.1 

3.1 

.3 

4.3 

32.6 

39.2 

19.4 

1.4 

3.9 

5.4 

40.5 

48.8 

1.32 

6.7 

2.8 

2,325 

1.2 

3.2 

.2 

4.6 

6.7 

2.7 

2,350 

1  A 

Uluminants 

3  0 

O 

2 

CO 

4  4 

CH4,  CiHe,  etc 

32  3 

49  4 

N 

9  1 

Computed  to  0  and  N  free  basis— 
COs 

1  8 

Uluminants 

3  3 

CO 

4  9 

CH*,  C$H«,  etc 

35-6 

H 

54  4 

Value  of  n  in  CalltB+s 

1.63 

1.07 

DETAILED  DATA  OF  TESTS. 
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Table  19. — Early  volatile  products  from  ten  minutes*  heating  of  10  grams  of  air-dried 

coal — Continued. 

COAL  NO.  H  (DIETZ,  WYO.). 


Temperature  of  furnace •C. 

500. 

600. 

Test  No 

121 

123 

116 

117 

118 

Hiffhest  temDerature  in  coal 'C. . 

Tar..... Der  cent.. 

2.0 

14.6 

63 

23.9 

0 
.5 
4.6 
1.1 
0 

69.9 

80.7 

0 
15.6 

3.7 
0 
2.00 

3.0 

22.0 

350 

34.0 

2.2 

.4 

14.0 
9.8 
0 

39.6 

56.7 
3.7 
23.3 
16.3 
0 
1.22 

1.8 

20.0 

270 

36.2 

2.1 

.4 

11.6 
6.6 
0 

44.1 

65.2 
3.8 
20. 9 
10.1 
0 
1.48 

Water do.... 

Gas  at  25*  C cubic  centimeters. . 

Composition  of  gas: 
As  ooUected— 

COi. 

94 

29.4 

.4 

.8 

5.6 

.4 

0 

63.4 

82.2 
1.1 

15.6 
1.1 

0 

1.25 

260 
36.6 

Illumlnants 

2.2 

o 

.7 

CO 

11.5 

CH*.  CiHfc  etc 

4.7 

H 

0 

N 

44.4 

Computed  to  O  and  N  free  basis— 

(^Ot 

66.5 

Illuminants 

4.0 

CO 

20.9 

C  H*.  C«Hfc  etc 

8.6 

0 

Value  of  n  In  C.U|.^i 

1.62 

Temperature  of  furnace '.  'C. 


Test  No 

Highest  temperature  in  coal *C. 

Tar per  cent. 

Water do. . . 

Gas  at  25*C cubic  centimeters. 

Composition  of  gas: 
.\s  collected— 

COf 

Illuminants 

O 

CO 

CH4.  C<iH«,  etc 

H 

N 

Computed  to  O  and  N  free  basis— 

COt. 

Illuminants 

CO 

CHitCtHfl^etc 

H 

Valoe  of  n  in  CBta^j 


700. 


106 

580 

8.6 

18.1 

1,020 


24.8 
3.2 
.2 
17.2 
22.0 
13.1 
19.6 

30.9 
4.0 
21.4 
27.4 
16.3 
1.27 


800. 


114 


8.3 

18.7 

1,780 


18.0 
2.4 
.2 
19.5 
16.4 
27.3 
16.2 

21.5 
2.9 
23.3 
19.6 
32.7 
1.22 


900. 


126 


9.8 

24.8 

2.400 


14.4 

2.4 

.3 

20.7 


128 


10.0 

23.9 

2,350 


15.7 

1.2 

.5 

21.8 


130 


2,690 


16.4 
2.4 
.2 
18.7 
17.1 
35.3 
10.9 

17.3 
2.7 
21.0 
19.3 
39.7 
1.17 


52 


TH£  VOLATILE  MATXEB  OF  COAL. 


Table  20.- 


-Early  volatile  producls  in  uoond  aeries  of  tests  {heating  10  grams  ofaxr-dfied 

coal  to  definite  temperatures). 

COAL  NO.  1  (ZEIOLER,  ILL.). 


Temperature  of  furnace *C.. 

600. 

760. 

900. 

Test  No 

155 
400 

8.7 

149 

12.9 

3.1 

.5 

7.1 

20.8 

.3 

55.3 

29.0 
7.0 
16.1 
47.3 
.6 
1.33 

157 
400 

8.3 
""*i52* 

12.8 

3.4 

.4 

7.9 

20.9 
2.1 

52.5 

27.3 
7.2 

16.9 

44.1 
4.6 

1.43 

166 
560 

7.0 

6.6 

14.3 

632 

6.8 
3.0 
.2 
11.9 
38.3 
17.9 
21.9 

8.7 
3.8 
15.3 
49.1 
23.1 
1.21 

167 
560 

6.0 

7.2 

13.9 

606 

7.3 
3.3 
.4 
12.3 
37.4 
17.9 
21.4 

9.3 
4.2 
15.8 
47.9 
22.8 
1.20 

168 
550 

7.0 

"'663' 

8.4 

3.3 

0 

11.9 

38.0 

16.7 

21.3 

10.6 
4.2 
15.1 
48.3 
21.8 
1.22 

174 
700 

5.0 

7.0 

15.7 

1,480 

6.0 

2.9 

.5 

14.6 

30.0 

39.1 

6.9 

6.5 
3.1 
15.8 
32.4 
42.2 
1.19 

175 
700 

5.0 

7.2 

14.6 

1,M5 

6.2 
3.3 
.2 
13.8 
29.2 
34.7 
12.6 

7.1 
3.8 
15.9 
33.4 
39.8 
1.19 

180 

Highest  temperature  in  coal *C. . 

Time    to    reach    highest    tempera> 

ture minutes. . 

Tar percent.. 

Water do 

Qas  at  25*  C cubic  centimeters. . 

CompoBltkm  of  gas: 
As  collected— 

COt 

700 
4.5 

5  5 

lllu»nln»^nts  r ,  -  . . . 

3.7 

0 

0 

CO 

14.3 

CHi,  CiH«,  etc 

27.8 

H •...•■•.••..••••.•■.•■• 

37.7 

N 

11.0 

Computed  to  O  and  N  free  basis— 
COt 

6.2 

Illuminantfi 

4.2 

CO 

16.1 

CH4,  CiH6,etc 

31.2 

H... ......•....••. ••«•••*•«•• 

42.3 

Value  of  n  in  CbHiu+« 

1.18 

a  Tar  and  water  determinations  not  made  at  GOO*  in  this  series. 


COAL  NO.  3  (CONNELLSVILLE,  PA.). 


Temperature  of  furnace *C . . 

ISO 
400 

7.0 

600. 

750. 

900. 

Test  No 

151 
400 

8.7 

152 
400 

7.5 

163 
650 

8.0 
9.0 
5.0 
775 

3.3 

5.5 

.5 

4.6 

47.7 

17.1 

21.3 

4.1 

7.1 

5.9 

60.1 

22.8 

1.27 

164 
550 

7.0 
9.9 
4.3 
847 

2.4 

5.5 

.1 

4.6 

50.4 

18.8 

18.2 

3.0 

6.8 

5.4 

62.2 

22.6 

1.26 

165 
650 

7.5 
9.0 
4.8 
830 

2.7 

5.5 

.4 

4.1 

49.8 

18.6 

18.9 

3.3 

6.8 

5.1 

61.8 

23.0 

1.29 

172 
700 

6.3 

12.0 

•  4.5 

1,740 

2.1 

6.2 

0 

6.2 
40.6 
35.6 

9.3 

2.3 

6.9 

6.9 

44,7 

39.2 

1.18 

173 

Highest  temperature  in  coal *C . . 

Time    to    reach    highest    temperar 

ture minutes . . 

Tar percent.. 

700 

6.3 
12.0 

Water do 

4.9 

Gas  at  25*  C cubic  centimeters. . 

Composition  of  gas: 
As  collected— 

COi 

88 

5.4 

3.6 

0 

2.1 
21.3 

4.4 
63.2 

14.6 
9.9 
5.8 
57.8 
11.9 
1.63 

79 

5.8 

2.8 
.3 

2.2 
20.4 

1.4 
67.1 

17.8 
8.5 
6.7 

62.7 
4.3 

1.42 

99 

4.0 

3.0 
.6 

2.9 
20.3 

1.7 
66.6 

14.9 
9.1 
8.8 

62.0 
5.2 

1.54 

1,810 
2.5 

niuminanta... 

0 ! 

6.4 
0 

CO 

7.1 

CH4.  C«H«,  etc 

38.5 

H ....,,^-^,1.-, 

36.2 

N 

9.3 

Computed  to  0  and  N  free  basis— 
COi 

• 

2.8 

Illuminants 

7.1 

CO 

7.8 

CH4,  CfH«,  etc 

42.4 

H 

39.9 

Value  of  n  in  CBHte4-t 

1.19 

DETAILED  DATA  OF  TESTS. 


53 


Tablb  20. — Early  volatile  producU  in  second  eeriee  of  tests  (heating  10  grams  of  air-dried 

coal  to  definite  temperatures) — ^Gontinued. 

COAL  NO.  16  (POCAHONTAS). 


Temperetiire  of  furnace *C. . 

600. 

• 

750. 

900. 

Test  No 

153 
400 
8.0 

156 
400 
8.0 

150 
400 
8.5 

161 
5S0 
7.3 
3.7 
2.2 
647 

1.9 

3.7 

.6 

3.0 

48.2 

21.2 

21.4 

2.5 

4.8 

3.9 

61.8 

27.0 

1.21 

162 
550 
7.3 
3.5 
2.3 
650 

1.8 

3.9 

.4 

2.7 

46.8 

21.2 

23.2 

2.4 

5.1 

3.5 

61.2 

27.8 

1.27 

176 
700 
5.8 
6.6 
2.9 
1,650 

1.6 

4.1 

.5 

3.7 

30.2 

39.8 

11.1 

1.8 

4.6 

4.2 

44.3 

45.1 

1.15 

177 

Highest  temperature  in  ooal *C.. 

Time  to  reach  highest  temperature,  .mtnutee. . 
TiT per  cent. . 

700 
5.8 
7.1 

Water do.... 

2.5 

Gas  at  25*  C coble  centimeters. . 

Composition  of  gas: 
As  collected— 

COi. 

67 

3.4 

2.0 
.3 

1.8 
16.1 

1.0 
75.4 

13.8 
8.1 
7.3 

66.7 
4.1 

1.54 

62 

2.6 

2.2 
.3 

1.1 
13.5 

3.4 
76.9 

11.4 
9.5 
5.0 
50.2 
14.9 
1.71 

77 

4.0 

2.1 
.8 

1.6 
16.5 

1.1 
73.9 

15.8 
8.2 
6.3 

65.4 
4.3 

1.55 

1.630 
1.5 

llhimiiiantB 

4.0 

•  O 

0 

CO 

4.5 

rUi,  CsHi,«te 

39.2 

H 

40.5 

N 

10.3 

Computed  to  O  and  N  free  basis— 

COi. 

1.7 

Illumin<M^t«. ... 

4.4 

CO 

5.0 

CH^.  C«H<.  etc 

43.7 

H 

45.2 

Value  of  n  in  C>Him^i 

1.15 

COAL  NO.  11  (DIETZ,  WYO.). 


Temperature  of  furnace *C. . 


600. 


Test  No 

Highest  temperature  in  coal *C. . 

Time   to    reach    liighest    tempera- 
ture  minutes. . 

Tar percent.. 

Water do.... 

Gas  at  25*  C cubic  centimeters. . 


Connositlon  of  gas: 
Asco" 


collected— 

C0« / 

lUumlnants 

O 

CO 

CH4,  CtH«,etc 

H 

N 

Computed  to  O  and  N  free  basis— 

COi 

Ilhiminants 

CO 

CH4,  CsHe,etc 

H 

Value  of  n  in  CsHia^i 


158 
400 

10.2 


406 


42.0 

2.8 

.1 

14.5 

10.7 
1.2 

28.7 

50.2 
3.9 

20.4 

14.8 
1.7 

1.48 


160 
400 

10.0 


406 


41.6 

2.4 

.4 

14.0 

10.1 

.9 

30.6 

60.3 
3.5 

20.3 

14.6 
1.3 

1.56 


750. 


160 
550 

7.0 

3.8 

21.0 

1,048 


25.6 
2.6 
.4 
17.3 
21.5 
17.4 
15.2 

30.3 
3.1 
20.5 
25.5 
20.6 
1.22 


170 
550 

ao 

3.8 

21.3 

1,018 


25.8 
2.6 
.3 
17.7 
20.3 
18.0 
15.3 

30.5 
3.1 
20.9 
24.0 
21.5 
1.25 


171 
550 

6.5 


1,100 


25.6 
2.5 
.2 
17.3 
19.7 
18.2 
16.5 

30.7 
3.1 
20.8 
23.6 
21.8 
1.29 


900.  a 


178 
700 

3.7 

2.9 

23.1 

1,990 


17.5 

2.3 

.2 

21.5 

17.5 

33.7 

7.3 

18.9 
2.5 
23.2 
18.9 
36.5 
1.21 


179 

182 

700 

700 

3.7 

3.7 

3.7 

22.1 

2,050 

2,000 

16.9 

17.0 

2.1 

2.3 

.4 

.2 

21.4 

21.2 

14.7 

15.8 

34.5 

33.4 

10.0 

10.1 

18.9 

18.9 

2.3 

2.6 

23.9 

23.6 

16.4 

17.6 

38.5 

37.3 

1.39 

1.28 

"Tests  on  coal  No.  11  at  900*  were  run  on  coarsely-powdered  material  (between  10  and  20  mesh)  in 
order  to  avoid  meehanical  loss. 
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Table  20. — Early  volatile  products  in  second  series  of  tests  (heating  10  grams  of  air-dried 

coal  to  definite  temperatures)— -Qoniimie^.. 

COAL  NO.  18  (DIAMONDVILLE,  WYO.) 


Temperature  of  furnace *C. 


Test  No 

Highest  temperature  In  cool *C. , 

Time  to  reach  highest  temperature 

minutes. . 

Tar percent.. 

Water do. . . 

Gas  at  2S*C cubic  centimeters. . 

Composition  of  gas: 
AsooUectea— 

COi 

Illuminants , 

O 

CO 

CH4,  CiH«,  etc 

H 

N 

Computed  to  O  and  N  free  basis— 

COf 

Illiimlnants 

CO 

CBu  C»H«,  etc 

H 

Value  of  n  in  CaHtn-i-i 


600. 


22S 
400 

6.5 


228 


14.7 

6.1 

.4 

0.8 

22.0 
2.0 

45.1 

27.0 
9.4 

18.0 

42.0 
3.6 

1.55 


225a| 
400 

7.0 


206 


15.7 

4.7 

.8 

8.6 

19.3 
2.6 

48.3 

30.8 
9.2 

16.9 

37.9 
5.2 

1.23 


750. 


186 
650 

6.5 
11.6 
11.3 

948 


9.5 
7.2 
.3 
14.3 
37.9 
14.9 
15.9 

11.3 
8.6 
17.1 
45.2 
17.8 
1.26 


186 
660 

6.2 
11.6 
11.0 

025 


8.7 
6.6 
.6 
14.5 
36.6 
16.0 
17.1 

10.5 
7.9 
17.6 
44.5 
19.5 
1.31 


900. 


180 
700 

6.0 

11.2 

11.6 

1,900 


7.6 

7.7 

.1 

16.7 

29.2 

28.9 

9.9 

8.3 
8.5 
18.6 
32.5 
32.1 
1.23 


COAL  NO.  10  (PAGE,  W.  VA.) 


Temperature  of  furnace 'C. 


Test  No 

Highest  temperature  in  coal *C. 

Time  to  reach  highest  temperature  .minutes. 

Tar per  cent. 

Water do. 

Gas  at  25* C cubic  centimeters. 

Composition  of  gas: 
As  collected— 

C0$ 

Illuminants 

O 

CO 

CH4,  CiH»,  etc 

H 

N 

Computed  to  O  and  N  free  basis— 

COt 

Iliominants 

CO 

CH4,  C»H«,  etc 

H 

Valueof  n  in  CaHte+s 


600. 


224 
400 
6.7 


136 


4.6 
3.8 
1.0 
2.7 

26.3 
2.2 

59.4 

11.6 
9.6 
6.8 

66.4 
5.6 

1.53 


224a 

400 

6.5 


136 


5.4 

3.8 
.7 

2.2 
22.1 

5.7 
60.1 

13.8 
9.8 
5.6 
56.7 
14.1 
1.79 


760. 


190 
550 
6.7 
10.4 
4.8 
995 


3.4 

6.3 

.4 

5.1 

48.6 

21.0 

15.2 

4.0 

7.5 

6.0 

57.6 

24.9 

1.24 


900. 


183 
700 
&0 
12.0 
4.9 
2,005 


2.4 

7.6 
.1 

7.1 
35.6 
37.7 

9.5 

2.7 

8.4 

7.9 

39.3 

41.7 

1.22 


181 
700 

5.0 

10.4 

12.2 

1,050 


7.2 

8.0 

.1 

16.1 

28.5 

30.5 

9.6 

8.0 
8.8 
17.8 
31.6 
33.8 
1.28 


184 
700 
6.0 
12.2 
4.8 
1,960 


2.4 

7.1 
.1 

6.6 
37.8 
36.5 

9.5 

2.7 

7.9 

7.3 

41.7 

40.4 

1.16 


oeneraij  summary. 

The  investigations  described  in  this  bulletin  contribute  data  on 
the  composition  of  the  volatile  products  from  different  kinds  of  coal 
as  evolved  at  different  temperatures.  The  comparatively  large 
amounts  of  inert  constituents  such  as  COj  and  water  in  the  products 
from  certain  western  coals;  the  large  amounts  of  higher  methane 
hydrocarbons,  such  as  ethane,  in  the  products  at  moderate  tem- 
peratures, particularly  from  the  Appalachian  coals;  and  the  larger 
amounts  of  gas  and  tarry  vapors  produced  quickly  at  moderate 
temperatures  from  the  younger  western  coals  are  the  main  features 
of  the  results.     The  bearing  of  these  results  on  smoke-producing 
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tendencies,  on  studies  of  the  nature  of  coal  substance,  and  on  the 
calculation  of  heat  value  from  ultimate  analysis  is  brought  out  in 
the  foregoing  pages.  It  has  been  shown  that  certain  bituminous 
coals  of  the  West  are  well  adapted  to  the  manufacture  of  a  high-grade 
illuminating  gas  and  of  other  by-products  of  coking,  notably  anunonia. 

Any  statement  as  to  the  character  of  the  gases  or  volatile  products 
eTolred  from  coal  at  specified  temperatures  has  little  value  unless 
it  is  accompanied  by  a  clear  description  of  the  conditions  prevailing 
and  particularly  of  the  points  at  which  temperatures  wei*e  taken 
and  of  the  mass  of  coal  which  was  heated.  The  temperature  varies 
throughout  the  mass  and  is  affected  by  the  rate  and  time  of  heating. 
Temperatures  outside  of  the  containing  vessel  produce  diflFerent 
temperatures  in  the  coal  itself  according  to  the  kind  of  vessel  and  the 
time  of  heating.  The  distance  of  the  vessel  from  the  point  where 
temperatures  are  read  influences  the  difference  between  the  observed 
temperature  and  that  of  the  coal  within  the  vessel. 

It  is  expected  that  these  investigations  will  be  continued  and  that 
the  laboratory  results  will  be  correlated  with  experiments  on  furnaces 
and  gas  producers  in  operation.  The  work  will  include  the  examina- 
tion of  the  composition  of  gases  at  various  points  and  the  study  of 
losses  through  incomplete  combustion.  Further  laboratory  work 
will  be  undertaken  for  the  study  of  the  effect  of  heating  the  same  coal 
to  certain  temperatures  at  diflFerent  rates,  and  it  is  planned  to  extend 
the  investigation  to  a  greater  variety  of  coals. 
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The  following  publications,  except  those  to  which  a  price  is  affixed, 
can  be  obtained  free  by  applying  to  the  Director  of  the  Bureau  of 
ifines,  Washington,  D.  C.  The  priced  publications  can  be  purchased 
from  the  Superintendent  of  Documents,  Government  Printing  Office, 
Washmgton,  D.  C. : 

PUBLICATIONS   OF  THE   UNITED   STATES   GEOLOGICAL   SURVEY. 

Bulletin  261.  Preliminary  report  on  the  operations  of  the  coal-tcwting  plant  of  the 
Inited  States  Geological  Survey  at  the  Louisiana  Purchase  Exposition,  in  St.  Ix)ui8, 
Mo.,  1904;  E.  W.  Parker,  J.  A.  Holmes,  M.  R.  Campbell,  committee  in  charge.  1905. 
1"2  pp.    10  cents. 

Pkofessional  paper  48.  Report  on  the  operations  of  the  coal-testing  plant  of  the 
I  nited  States  Geological  Survey  at  the  Louisiana  Purchase  Exposition,  St.  Louis,  Mo., 
1*>1;  E.  W.  Parker,  J.  A.  Holmes,  M.  R.  Campbell,  committee  in  charge.  1906.  In 
^hree  parte.     1492  pp.,  13  pis.    $1.50. 

Bulletin  290.  Preliminary  report  on  the  operations  of  the  fuel-testing  plant  of 
*e  United  States  Geological  Survey  at  St.  Louis.  Mo.  1905,  by  J.  A.  Holmes.  1906. 
240  pp.    20  cents. 

Bulletin  323.  Experimental  work  conducted  in  the  chemical  laboratory  of  the 
United  States  fuel-testing  plant  at  St.  Louis,  Mo.,  January  1,  1905,  to  July  31,  1906, 
byX.W.  Lord.    1907.    49  pp.     10  cents. 
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Bulletin  325.  A  study  of  four  hundred  steaming  tests  made  at  the  fuel-testing 
plant,  St.  Louis,  Mo.,  1904,  1905,  and  1906,  by  L.  P.  Breckenridge.  1907.  196  pp. 
20  cents. 

Bulletin  332.  Report  of  the  United. States  fuel-testing  plant  at  St.  Louis,  Mo., 
January  1, 1906,  to  June  30, 1907;  J.  A.  Holmes,  in  charge.    1908.    299  pp.    25  cento. 

Bulletin  334.  The  burning  of  coal  without  smoke  in  boiler  plants;  a  preliminary 
report,  by  D.  T.  Randall.    1908.    26  pp.    5  cents. 

Bulletin  336.  Washing  and  coking  tests  of  coal  and  cupola  tests  of  coke,  by 
Richard  Moldenke,  A.  W.  Belden,  and  G.  R.  Delamater.    1908.    76  pp. 

Bulletin  339.  The  purchase  of  coal  under  government  and  commercial  specifi- 
"cations  on  the  basis  of  its  heating  value,  with  analyses  of  coal  delivered  under  govern- 
ment contracts,  by  D.  T.  Randall.    1908.    27  pp.    5  cents. 

Bulletin  343.    Binders  for  coal  briquets,  by  J.  E.  Mills.    1908.    56  pp. 

Bulletin  362.  Mine  sampling  and  chemicid  analyses  of  coals  tested  at  the  United 
States  fuel-testing  plant,  Norfolk,  Va.,  in  1907,  by  J.'  S.  Biirrows.    1908.    23  pp. 

Bulletin  363.  Comparative  tests  of  run-of-mine  and  briquetted  coal  on  locomo- 
tives, including  torpedo-boat  tests  and  some  foreign  specifications  for  briquetted  fuel, 
by  W.  F.  M.  Goss.    1908.    57  pp.,  4  pis. 

Bulletin  366.  Tests  of  coal  and  briquets  as  fuel  for  house-heating  boilers,  by  D.  T. 
Randall.     1908.    44  pp.,  3  pis. 

Bulletin  367.  Significance  of  drafts  in  steam-boiler  practice,  by  W.  T.  Ray  and 
Henry  Kreisinger.    1909.    61  pp. 

Bulletin  368.  Washing  and  coking  tests  of  coal  at  Denver,  Colo.,  by  A.  W.  Belden, 
G.  R.  Delamater,  and  J.  W.  Groves.    1909.    54  pp.,  2  pis. 

Bulletin  373.  The  smokeless  combustion  of  coal  in  boiler  plants,  by  D .  T.  Randall 
and  H.  W.  Weeks.    1909.    188  pp.    20  cents. 

Bulletin  378.  The  purchase  of  coal  under  government  specifications,  by  J.  S. 
Burrows.    1909.    44  pp.    10  cents. 

Bulletin  382.  The  effect  of  oxygen  in  coal,  by  David  White.  1909.  78  pp., 
3  pis. 

Bulletin  385.  Briquetting  tests  at  the  United  States  fuel-testing  plant,  Norfolk, 
Va.,  1907-8,  by  C.  L.  Wright.    1909.    41  pp.,  9  pis. 

Bulletin  392.  Commercial  deductions  from  comparisons  of  gasoline  and  alcohol 
tests  on  internal-combustion  engines,  by  R.  M.  Strong.    1909.    38  pp. 

Bulletin  393.  Incidental  problems  in  gas-producer  tests,  by  R.  H.  Femald,  C.  D. 
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NORTH  DAKOTA  LIGNITE  AS  A  FUEL  FOR  POWER- 
PLANT  BOILERS. 


By  D.  T.  Randall  and  Henry  Kbeisinoer. 


INTRODUCTION. 

Importance  of  the  work. — The  tests  described  in  the  following  report 
were  made  by  the  United  States  Geological  Survey  in  cooperation 
with  the  United  States  Reclamation  Service,  which,  in  connection 
with  its  Williston  project,  had .  erected  a  large  pumping  plant  at 
Williston/  N.  Dak.,  and  had  installed  steam  boilers  with  furnaces 
designed  to  bum  a  ''brown  lignite''  that  was  mined  on  adjacent  gov- 
ernment land.  The  tests  are  deemed  important  because  the  lignite 
deposits  of  the  Northwest  are  so  extensive  and  the  distance  of  the 
region  from  other  coal  fields  is  so  great  that  a  large  portion  of  the 
United  States,  including  parts  of  North  Dakota,  South  Dakota,  and 
Montana,  may  be  greatly  benefited  by  any  improvements  in  the 
methods  of  utilizing  this  local  fuel  supply.  The  desirability  of  getting 
all  available  information  regarding  the  methods  of  using  similar 
lignite  is  obvious. 

The  lignite  in  this  field  is  low  in  heating  value,  some  of  it  containing 
nearly  45  per  cent  of  its  weight  in  moisture,  and  it  is  difficult  to  bum 
in  the  furnaces  commonly  used  for  the  better  grades  of  coal,  but  the 
tests  have  shown  the  possibility  of  designing  suitable  furnaces  for 
burning  it  profitably.  The  results  of  tests  of  lignite  on  the  hand-fired 
grates  under  a  Heine  boiler  at  the  fuel-testing  plant  at  St.  Louis  were 
not  fully  satisfactory  in  themselves,  but  showed  the  necessity  of 
observing  certain  conditions  for  eflSciently  burning  this  fuel.  They 
indicated  that  strong  draft  and  a  large  combustion  chamber  are 
essential  to  insure  the  burning  of  the  large  quantity  of  gas  that  is 
driven  off  with  the  moisture  from  the  fuel  bed. 

The  results  of  the  tests  made  at  Williston,  set  forth  in  this  report, 
show  that  thi3  fuel,  though  generally  considered  unsatisfactory,  may 
be  used  with  fair  economy  imder  boilers  that  generate  their  full  rated 
capacity.    In  fact,  when  the  number  of  heat  units  available  is  con- 
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sidered  the  results  compare  very  favorably  with  those  of  better 
grades  of  fuel. 

Personnel: — The  tests  were  made  under  the  personal  direction  of 
Henry  Kreisinger,  who  was  assisted  by  F.  E.  Woodman,  of  the 
Geological  Survey,  and  C.  E.  Draper,  electrical  assistant  of  the 
Reclamation  Service.  The  furnace  temperature  measurements  were 
made  by  J.  K.  Clement  and  the  flue  gases  were  sampled  and  analyzed 
by  E.  J.  Hoifman,  both  of  the  Survey.  The  chemical  work  on  coal 
and  ashes  was  done  at  the  chemical  laboratory  of  the  Geological 
Survey  at  Pittsburg,  Pa.,  under  the  direction  of  F.  M.  Stanton.  The 
computations  were  made  at  Pittsburg  under  the  direction  of  Lauson 
Stone. 

Acknowledgmenis. — Credit  is  due  to  A.  A.  Storrs  and  G.  O.  Sanford, 
the  Reclamation  Service  engineers  directly  in  charge  of  the  Williston 
project,  who  had  all  changes  made  in  the  boiler-plant  equipment  that 
were  necessary  for  the  tests.  J..M.  Fine,  engineer  in  chaise  of  the 
power  plant,  and  John  G.  Cunningham  both  rendered  valuable  assist- 
ance in  connection  with  the  operation  of  the  boiler  under  test. 

Related  investigoMons, — The  fuel  researches  of  the  Geological  Survey, 
which  had  their  beginning  under  an  appropriation  made  by  Congress 
on  February  4,  1904,  for  testing  fuel  at  the  Louisiana  Purchase  Expo- 
sition, embraced  not  only  the  field  study  of  mineral-fuel  deposits,  but 
also  analyses  and  tests  to  determine  the  quality  of  the  deposits,  their 
adaptability  to  specific  uses,  and  the  methods  by  which  they  could  be 
utilized  to  best  advantage.  In  the  course  of  these  investigations  the 
Survey  collected  and  analyzed  thousands  of  samples  and  made  a 
great  number  of  tests,  such  as  washing,  briquetting,  coking,  steaming, 
and  producer-gas  tests,  to  ascertain  the  fuel  value  of  the  peat,  lignite, 
or  coal  under  fixed  conditions,  its  relative  suitability  for  a  given 
purpose,  and  the  possibility  of  increasing  its  efficiency.  Results  of 
these  tests  are  given  in  many  of  the  bulletins  listed  at  the  end  of  this 
report. 

The  act  of  Congress  of  May  16, 1910,  which  established  a  Bureau  of 
Mines,  transferred  to  this  bureau  the  work  of  analyzing  and  testing 
fuels  that  was  being  carried  on  by  the  Geological  Survey.  The  act 
became  effective  July  1,  1910.  Hence  the  Bureau  of  Mines  is 
publishing  a  considerable  number  of  reports,  of  which  this  is  one, 
dealing  with  investigations  made  by  the  Geological  Survey  prior  to 
that  date. 

Objects  of  the  tests. — ^The  primary  object  of  the  tests  was  to  show 
that  the  lignite  coals  of  North  Dakota  are  suitable  for  making 
steam.  The  secondary  objects  were  to  determine  the  effect  of  the 
size  and  the  weathering  of  coal  on  economy  and  to  determine  whether, 
anything  is  gained  by  superheating  the  steam  used  in  the  Argand 
steam  blowers. 
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FUEL,  APPARATUS,  AND  METHODS. 

THE   FUEL  TESTED. 

The  fuel  used  on  the  tests  came  from  the  govermnent  mme  located 
within  about  500  yards  of  the  power  house.  The  mine  is  working  the 
middle  seam  of  the  three  known  beds.  The  coal  is  a  '* brown  lignite," 
containing  about  40  per  cent  of  moisture  and  7  to  8  per  cent  of  ash. 
It  is  therefore  considered  low-grade  coal.  In  most  of  the  tests  the 
coal  was  burned  soon  after  being  mined.  It  was  delivered  in  run-of- 
mine  form  to  the  power  plant,  where  it  was  crushed  either  by  a  power 
crusher  or  by  hand. 

APPARATUS   USED. 
THE    BOILER. 

The  tests  reported  in  this  bulletin  were  made  with  one  of  six  Stirling 
boilers  installed  in  the  power  plant  of  the  Williston  irrigation  project 
of  the  United  States  Reclamation  Service.  This  boiler  was  located 
at  the  north  end  of  the  boiler  room  and  was  designated  at  the  plant 
as  No.  6.     Boilers  Nos.  5  and  6  were  erected  as  a  single  battery. 

Plate  I  shows  two  sections  of  the  boiler  and  the  setting.  The 
boiler  proper  is  of  the  standard  StirUng  water-tube  type,  consisting 
of  three  steam  drums,  one  mud  drum,  and  three  nests  of  tubes.  The 
baffles  are  inserted  in  the  usual  places. 

THE   FURNACE. 

The  furnace  is  of  the  semigas-producer  type  and  has  an  external 
resemblance  to  the  so-called  Dutch  oven.  The  most  striking  features 
in  the  construction  of  the  furnace  are  the  deep-set  grate  and  the  con- 
traction of  the  space  between  the  bridge  wall  and  the  end  of  the  pro- 
longed fire-brick  arch.  As  shown  in  the  plate,  the  grate  is  21  inches 
below  the  lower  edge  of  the  firing  door.  The  object  of  this  construc- 
tion is  to  enable  the  fireman  to  carry  a  thick  fuel  bed  and  still  see  its 
condition  at  the  top.  The  side  furnace  door  shown  in  the  plate, 
used 'in  removing  cUnkers,  is  only  7  inches  above  the  grate. 

The  furnace  is  designed  to  work  on  the  gas-producer  principle. 
The  solid  fuel  is  gasified  on  the  grate  and  the  gas  passes  through  the 
space  under  the  arch  into  the  combustion  chamber,  where  most  of 
the  gaseous  combustible  bums.  The  necessary  air  for  combustion  is 
added  through  the  openings  A  in  the  bridge  wall.  This  air  is  pre- 
heated to  200°  to  300°  F.  in  coils  P,  and  forced  into  the  furnace 
imder  a  pressure  of  0.5  to  1  inch  of  water.  Owing  to  the  location  and 
direction  of  these  air  openings,  the  air  is  blown  in  jets  into  the  com- 
paratively slow-moving  body  of  combustible  gas,  thereby  causing 
considerate  stirring,  so  that  the  gases  and  the  air  form  a  fairly  homo- 
geneous mixture.     A  small  quantity  of  air  is  also  added  through  the 
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openings  R  in  the  roof  of  the  furnace.  This  air  consists  only  of 
leakage  through  the  outside  wall  into  the  air  space  which  completely 
envelopes  the  fire-brick  lining  of  the  Dutch-oven  part  of  the  furnace. 
Although  there  is  some  combustion  above  the  fuel  bed,  the  greater 
part  of  the  gases  bum  below  the  contracted  arch  and  back  of  the 
bridge  wall,  after  air  has  been  added  through  the  openings  A  and  R. 
With  rates  of  combustion  exceeding  about  25  pounds  ot  coal  per 
square  foot  of  grate  the  flames  extend  even  into  the  space  above  the 
arch. 

The  air  added  through  the  bridge  wall  is  forced  by  a  fan  blower 
through  the  duct  C  into  the  upper  half,  N,  of  the  preheating  coils. 
Through  these  coils  the  air  passes  to  the  other  side  of  the  boiler 
setting,  where  it  is  turned  by  means  of  a  metal-sheet  chamber  into  the 
lower  half,  P,  of  the  preheating  coils,  through  which  it  flows  back  to 
the  same  side  of  the  boiler  from  which  it  started ;  it  there  enters  the  air 
duct  D,  which  takes  it  into  the  upper  tunnel  in  the  bridge  wall.  A 
damper  V  placed  in  the  upper  part  of  the  air  duct  D  serves  to  regulate 
the  amount  of  air  to  be  put  through  the  bridge-wall  opening. 

THE  ORATE. 

The  furnace  is  equipped  with  a  rocking  grate  consisting  of  two  rows 
of  grate  bars.  Each  row  is  connected  with  two  shaking  levers  in 
such  a  way  that  by  shaking  one  lever  alternate  bars  in  the  row  are 
rocked.  Figure  1  shows  top  and  cross-sectional  views  of  a  grate  bar. 
Each  grate  bar  is  supported  by  a  2-inch  pipe,  through  which  cold  air 
circulates;  the  object  is  to  keep  the  grate  bars  and  the  ash  imme- 
diately above  them  cool,  so  that  the  ash  will  not  fuse  and  adhere  to 
the  bars.  Cold  air  from  the  fan  blower  is  brought  through  a  special 
air  duct  into  the  large  pipe  F,  from  which  it  flows  through  each  grate- 
supporting  pipe  into  the  pipe  G,  as  indicated  by  the  arrows  in  Plate  I. 
Pipe  G  takes  the  air  into  the  lower  tunnel  H  in  the  bridge  wall,, 
through  which  the  air  flows  into  the  pit  T,  and  is  thence  blown  by  the 
Argand  blowers  into  the  ash  pit.  The  pressure  in  the  ash  pit  varies 
from  1  to  2  inches  of  water;  the  pressure  whereby  the  cold  air  circu- 
lates through  the  supporting  bars  is  only  about  0.5  to  1  inch  of  water, 
so  that  the  circulating  air  can  not  be  discharged  from  the  supporting 
bars  (pipes)  directly  into  the  ash  pit. 

STACK   AND   BLOWERS. 

Boiler  No.  6  has  a  steel  stack  in  common  with  boiler  No.  5.  Each 
boiler  has  a  separate  damper  placed  in  the  brick  gas  passage  imme- 
diately below  the  hood  of  the  stack.  The  path  of  gases  through  the 
boiler  is  indicated  in  Plate  I  by  the  long  curved  arrow.  The  boiler  is 
operated  with  ''balanced  draft" — that  is,  the  ash  pit  is  kept  imder 
pressure  higher  than  the  atmospheric  and  the  uptake  under  a  pres- 
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sure  a  little  below  atmospheric;  the  furnace  is,  therefore,  just  about 
at  atmospheric  pressure.  This  condition  permits  the  opening  of  the 
fire  doors  when  firing  without  allowing  outside  air  to  enter, 

A  coil  used  for  superheating  the  steam  used  by  the  Argand  blowers 
is  inserted  in  the  space  above  the  arch,  directly  under  the  first 
steam  drum. 

Ordinarily,  the  steam  used  in  the  two  Argand  blowers  is  taken 
from  the  same  boiler  the  blowers  are  operating.'    However,  on  these 


FiouBB  I.-— Top  view  and  vertical  cross  section  of  grate  bar,  showing  construction. 

tests,  in  order  to  determine  the  amount  of  steam  used  by  the  blowers, 
the  steam  was  supplied  by  an  independently  operated  small  loco- 
motive boiler  of  20-horsepower  capacity.  The  connections  between 
the  locomotive  boiler  and  the  blowers  were  such  that  the  steam  could 
either  be  made  to  pass  first  through  the  superheating  coils  inserted 
in  the  main  boiler  setting  or  could  be  used  directly  in  its  saturated 
state. 
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DIHBNeiONS. 


Table  1  gives  the  principal  dimensions  of  the  furnace,  the  boiler, 
and  the  grate. 

Table  1. — Principal  dimensions  of  furnace,  boiler ,  and  grate. 


Furnace: 

Width  In  front feet . .  6. 6 

Width  back  of  bridge  wall do  —  7. 5 

Length do 8 

Height do....  7 

Boof  of  furnace: 

Length  (straight  portion) do 8. 5 

Length  at  aides do 15. 8 

Length  in  middle do 15. 3 

Height  in  rear  above  bridge  wall .  Inches . .  23 

Number  of  openings^ IC 

Bifte  of  openings inches. .  2  by  4. 5 

Width  of  partitions inches. .  2 

Bridge  wall: 

Width  at  base feet. .  5 

Width  on  top do. ...  3 

Height inches. .  40 

Number  of  openings  ^ 6 

Size  of  openings inches. .  5  by  2. 5 

Side  door: 

Lower  edge  above  grate inches. .  7. 5 

Height do. . . .  17 

Width -do....  19 


Firing  door: 

Lower  edge  above  grate inches. .       21 

Hei^t... do...  14.76 

Width do ...  19. 76 

Chimney: 

Height  above  grate feet. .      155 

Diameter inches. .       64 

Boiler: 

Builders'  rating horsepower. .      258 

Water-heating  surface square  feet. .  2. 587 

Diameter  of  steam  drums inches..       42 

Length  of  steam  drums feet. .  10. 33 

Diameter  of  mud  drums inches. .       42 

Length  of  mud  drums feet. .    8. 83 

Number  of  tubes 209 

Diameter  of  tubes inches. .    3. 25 

Grate: 

W  id  th feet . .      6. 6 

Length do 8 

Width  of  grate  bars inches. .      7. 4 

Width  of  rib do 44 

Width  of  air  space do 44 

Depth  of  air  space do 1. 76 


FLUE*<iAe  SAMPLER. 


Figure  2  shows  a  flue-gas  sampling  device  placed  in  the  uptake 
about  18  inches  below  the  damper.  Plate  I  shows  the  location  of 
the  sampler  with  respect  to  the  boiler  in  a  vertical  section.  The  gas 
sampler  is  a  standard  J-inch  iron  pipe  closed  at  both  ends  with  caps 
and  having  two  rows  of  small  (^-inch)  holes  4  inches  apart  drilled 
in  a  staggered  way  on  two  sides  of  the  pipe.  This  J-inch  pipe  con- 
nects in  the  middle  to  a  i-inch  pipe  which  extends  out  of  the  setting 
and  leads  down  to  within  3  feet  of  the  floor,  where  it  is  connected 
to  a  steam  ejector.  Figure  3  shows  the  steam  ejector  and  connec- 
tions. The  sample  of  gas  for  chemical  analysis  is  taken  through  the 
pet  cock,  as  shown  in  the  figure.  The  object  of  the  steam  ejector  is  to 
induce  a  continual  stream  of  gas  to  flow  from  the  uptake  through  the 
sampling  apparatus.  The  construction  of  the  J-inch  pipe  placed  i^sx 
the  uptake  permits  of  drawing  the  gas  from  a  large  area,  so  that  the 
sample  drawn  represents  fairly  well  the  average  composition  of  all  the 
gases  passing  through  the  uptake. 

« 

METHODS   OF   CONDUCTING  TESTS. 

Starting  and  closing. — A  modification  of  the  ^^ alternate  method" 
was  used  in  starting  and  closing  tests.     The  standard  method  was 


a  Openings  In  roof  of  furnace  are  G.5  feet  from  front  of  furnace. 
tt  Openings  in  bridge  wall  are  9  inches  from  front  of  bridge  wall. 
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altogether  out  of  question.  The  fuel  bed  is  considered  to  be  in  its 
best  condition  when  it  is  18  to  22  inches  thick;  when  a  new  fire  is 
started  with  wood  it  takes  several  hours  to  get  the  bed  built  up  and 
the  fire  in  a  good  running  condition. 

Generally,  a  fire  was  started  with  wood  about  4  o'clock  in  the 
morning  and  the  bed  was  gradually  built  up  until  about  8  or  9  o'clock, 
when  it  was  16  to  18  inches  thick.  At  this  time  the  furnace  was 
well  heated  and  in  condition  for  a  test  to  be  started.  The  grates 
were  then  shaken  and  all  ash  removed  from  the  ash  pit.  At  the 
time  of  starting  and  at  the  time  of  closing  each  test  the  height  of 
the  fuel  bed  was  estimated  as  accurately  as  possible  by  sighting  over 
the  bottom  of  the  opening  of  the  firing  door  to  see  how  far  the  upper 
surface  of  the  fuel  bed  was  below  this  line.  This  estimate  of  the  fuel  bed 
was  made  independently  by  at  least  two  observers;  if  the  observations 
did  not  agree,  the  average  of  the  estimates  was  taken  for  record. 
Usually  C.  E.  Draper  and  Henry  Kreisinger  did  this  estimating. 

At  the  end  of  test  2  the  fuel  bed  was  burned  down  to  the  same 
height  as  at  the  start.  It  was  thought  that  only  an  inappreciable 
amount  of  clinker  would  be  found  in  the  fuel  bed,  but,  after  closing 
the  test  and  burning  the  fuel  bed  down  still  farther,  a  quantity  of 
clinkers  amounting  to  several  hundred  pounds  was  found  on  the 
grate.  It  was  evident  that  to  neglect  these  clinkers  would  intro- 
duce considerable  error  in  the  results  of  the  tests;  therefore,  on  all 
subsequent  tests  corrections  for  the  clinkers  were  made  by  closing 
the  test  with  the  fuel  bed  3  to  4  inches  higher  than  it  was  when  the 
test  was  started.  This  method  of  making  allowance  for  clinker  was 
necessary  because  the  cHnkers  could  not  be  pulled  out  during  the  test 
on  account  of  the  grate  being  so  far  below  the  firing  door.  Care  was 
taken  also  to  have  the  height  of  water  in  the  boiler  and  the  steam 
pressure  as  nearly  as  possible  the  same  in  closing  as  at  the  start. 

Ash  and  refuse, — Immediately  before  starting  each  test  the  grate 
was  shaken  and  the  ash  pit  was  cleaned  out.  A  few  minutes  before 
closing  the  test  the  grate  was  again  shaken.  After  closing  the  test 
all  the  ash  was  removed  from  the  ash  pit,  weighed,  and  charged  to 
the  test.  The  fuel  bed  was  then  burned  down  to  about  12  to  14 
inches  and  the  clinkers  were  pulled  out,  partly  through  the  side  door 
and  partly  through  the  firing  door.  This  process  of  pulling  out  the 
clinkers  was  very  difficult,  as  the  firing  doors  were  high  above  the 
grate  and  there  was  not  enough  room  on  the  side  of  the  boiler  for 
handling  the  fire  tools  through  the  side  door.  The  removal  of  clink- 
ers took  from  one  to  two  hours.  Only  the  larger  pieces  of  clinker 
could  be  pulled  out;  smaller  pieces  fell  through  the  grate  into  the 
ash  pit  with  free  ash  and  hot  coal  and  could  not  be  separately  recov- 
ered. Frequently  during  the  process  of  pulling  clinkers  large  pieces 
were  so  broken  as  to  be  much  redticed  in  size  before  removal.     CJoal, 
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ash,  and  email  pieces  of  clinker  falling  into  the  ash  pit  were  not  weighed. 
The  method  of  obtaining  the  weight  of  ashes  and  cUnkers  was  yeiy 
crude,  but  it  was  the  best  that  could  be  done  under  the  circumstances. 
Taking  all  factors  into  consideration,  it  is  estimated  that  only  about 
one-half  to  two-thirds  of  the  total  weight  of  clinkers  originally  present 
on  the  grate  were  removed,  weighed,  and  chained  to  the  test. 

Weighing  ajid  sampling  fad. — Coal  was  weighed  in  a  wooden  box 
which  was  placed  on  a  platform  scale.  The  box  was  4  feet  long  by 
3  feet  wide  by  14  inches  deep,  and  held  about  SOO  pounds  of  coal. 
One  side  of  the  box  was  removable  for  convenience  in  shoveling. 
The  time  of  firing  and  the  weight  of  coal  at  each  charge  were  regu- 
larly recorded. 

Each  time  the  box  was  fiJled  a  sample  of  coal  amounting  to  about 
a  shoTelfull  was  collected  by  taking  a  little  at  a  time. 


FiouRi  2.— ScctlOD  Ibrougb  uptike,  ahowlDg  Icwmdiui  of  tlue-gu  aunpler. 

Feed  water. — Water  was  measured  in  a  specially  constructed  cylin- 
drical tank,  which  held  1,293  pounds  of  water,  art  60**  F.  The  tank 
was  about  2^  feet  in  diameter  by  5  feet  high  and  had  a  funnel-shai>ed 
bottom  which  permitted  quick  emptying.  The  top  of  the  tank  was 
contracted  by  means  of  an  inverted  funnel  to  a  neck  5  inches  in 
diameter.  This  narrow  neck  at  the  top  of  the  tank  reduced  the  error 
which  might  have  been  introduced  by  any  possible  difference  in  the 
water  level  when  filling  the  tank."  The  measuring  tank  was  placed 
on  a  wooden  platform  about  7  feet  high  and  emptied  into  a  plain 
cylindrical  suction  tank  placed  on  the  boiler-room  floor.  This  suc- 
tion tank  was  of  larger  capacity  than  the  measuring  tank.  Water 
was  fed  from  the  suction  tank  into  the  boiler  by  an  injector  (li  inch), 
the  overflow  from  which  was  run  back  into  the  suction  tank.    The 

aFoTdelallaaloaaitnuitiooafaslDiJIar  tank  Me  nvkMlaial  tuptt  U.S.  O«oloflatl  aamyNo.M, 
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capacity  of  the  suction  tank  was  determined  for  every  inch  of  the 
height  of  water.  The  time  of  each  emptjring  of  the  measuring  tank 
was  recorded. 

Diuing  the  tests  all  pipe  lines  except  the  injector  were  disconnected 
from  the  boiler.  In  disconnecting  the  blow-off  pipe  from  the  main 
line  its  end  was  left  exposed  so  that  it  was  at  all  times  visible.  These 
arrangements  made  it  impossible  for  any  water  to  get  into  the  boiler, 
except  that  which  was  measured  and  fed  into  the  boiler  with  the  in- 
jector, or  for  any  water  to  get  out  of  the  boiler  except  through  the 
steam  main  in  the  form  of  steam.  During  each  test  the  rate  of  com- 
bustion was  kept  as  constant  as  possible,  the  drafts  being  changed  if 
necessary.  A  scale  was  attached  to  the  gage  glass  of  the  test  boiler 
and  the  height  of  the  water  was  read  at  regular  twenty-minute 
intervals. 


EJACtO 


£ 


i"pipe  reduced  to  ^"  opening 


St«arn 


Gat  from  «amptor. 


3- 


Us  to  collecting  bottlo. 
Fkiusx  3.— Steam  ejector,  showing  its  location  at  the  end  of  the  pipe  leading  from  gas  sampler  in  sta6k. 

Flue  gcLS  sampling, — Samples  of  flue  gas  were  collected  and  analyzed 
for  CX)„  0„  and  CO  with  an  Orsat  apparatus.  Each  regular  sample 
was  collected  through  the  sampling  device  (illustrated  in  figures  2 
and  3)  during  a  period  of  about  thirty  minutes,  so  that  the  analysis  of 
the  sample  represented  the  average  chemical  composition  of  the  gases 
during  that  time. 

Occasionally  a  sample  of  gas  was  taken  with  a  J-inch  iron  pipe 
through  a  hole  in  the  lowest  middle  door  in  the  rear  of  the  boiler 
setting.  The  end  of  this  sampling  pipe  was  placed  halfway  between 
the  mud  drum  and  the  baffle  between  the  second  and  third  nests  of 
boiler  tubes. 

Tempemtwre  measurements, — Except  as  otherwise  stated,  tempera- 
tures were  taken  for  record  at  regular  twenty-minute  intervals.    At- 
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tempts  were  made  at  first  to  measure  flue*gas  temperatures  in  the 
uptake  at  the  place  where  the  regular  gas  sample  was  taken,  but  owmg 
to  the  close  proximity  of  the  air  preheating  coils  and  the  steam  drum, 
the  thermometer  gave  very  low  readings.  The  upper  half  of  the 
preheating  coils  received  the  cold  air  from  the  fan.  These  coils  were 
therefore  much  colder  than  the  fiue  gases  going  up  the  chimney. 
The  thermometer  being  close  to  these  cold  coils  radiated  heat  to  them 
and  consequently  showed  much  lower  temperatures  than  the  flue 
gases  passing  by  it.  So  it  was  decided  to  put  a  thermometer  about  4 
feet  above  the  damper  in  the  hood  of  the  stack.  The  thermometer 
read  too  low  also  in  this  position,  because  the  hood  was  much  colder 
than  the  gases  and  of  course  the  thermometer  radiated  heat  to  it. 
Moreover,  the  two  boilers  in  the  battery  had  a  stack  and  hood  in  com- 
mon so  that  the  colder  gases  from  boiler  No.  5,  under  which  only  a 
very  low  fire  was  generally  kept,  mixed  somewhat  with  the  gases  from 
the  test  boiler.  In  spite  of  these  cqoling  effects  the  thermometer  in 
the  hood  of  the  stack  read  100®  to  200**  F.  higher  than  the  thermom- 
eter at  the  point  below  the  damper.  It  is  an  open  question  how  much 
too  low  the  indicated  temperatures  in  the  hood  were,  but  there  can  be 
no  doubt  that  the  gases  leaving  the  boiler  setting  were  hotter  than  is 
shown  by  the  record  of  thermometer  readings.  The  thermometer 
used  for  this  purpose  was  a  large  mercury  thermometer  made  espe- 
cially for  measuring  flue-gas  temperature. 

The  temperature  of  water  was  determined  at  each  time  of  emptying 
the  tank  by  means  of  a  thermometer  immersed  therein. 

The  temperature  of  the  preheated  air  which  was  fed  into  the  furnace 
through  the  bridge  wall  was  measured  with  a  mercury  thermometer 
iix.    •''^d  in  the  air  duct  D  (PL  I)  about  5  feet  from  its  lower  end. 

A.  thermometer  cup  was  placed  in  the  steam  pipe  leading  from  the 
superheater  to  the  Argand  blowers  and  a  mercury  thermometer  was 
used  for  measuring  the  temperature  of  the  superheat  of  the  steam  used. 

Furnace  temperatures  were  measured  with  a  Wanner  optical  py- 
rometer. The  measurements  were  made  through  a  hole  (W,  PL  I) 
bored  in  the  side  wall  just  back  of  and  a  little  above  the  bridge  wall. 

Steam. — Steam  pressures  were  recorded  at  regular  intervals  from 
a  standard  gage  which  was  calibrated  and  could  be  read  within  1 
pound.  A  throttling  calorimeter  for  moisture  determinations  was 
attached  in  the  approved  way  to  the  steam  pipe  leading  from  the 
boiler  to  the  steam  header.  The  steam  used  by  the  Argand  blowers 
was  furnished  by  a  separately  operated  locomotive  boiler.  The  water 
fed  into  this  boiler  was  weighed  and  charged  to  the  blowers. 

Measuring  drafts. — Gas  pressures  (drafts)  were  measured  on  all 
tests,  in  the  ash  pit,  over  the  fuel  bed,  in  the  uptake,  and  in  the  pre- 
heated-air  duct  by  means  of  Ellison  inclined  tube  manometers,  and 
readings'were  taken  at  regular  twenty-minute  intervab. 
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ACCURACY   OF  DATA. 

Perhaps  the  greatest  error  introduced  in  the  data  of  the  tests  was 
in  estimating  the  height  of  the  fuel  bed  and  in  allowing  for  the  clink- 
ers in  the  fuel  bed  at  the  end  of  the  tests.  It  is  not  probable,  how- 
ever, that  the  error  in  any  test  was  over  2  inches  in  the  net  thickness 
of  fuel  bed. 

The  grate  area  is  approximately  54  square  feet,  and  1  cubic  foot 
of  lignite  weights  about  50  pounds,  so  that  a  difference  of  2  inches 
in  the  height  of  the  fuel  bed  would  be  equal  to  9  cubic  feet,  or  9  X  50  = 
450  pounds  of  coal. 

About  28,000  pounds  of  coal  were  burned  during  each  test.  An 
error  of  2  inches  in  estimating  the  height  of  the  fuel  bed  would 
therefore  be  equal  to  about  1.6  per  cent  of  the  total  coal  used.  The 
estimated  height  of  the  fuel  bed  might  be  either  2  inches  too  low  or 
2  inches  too  high,  so  that  there  is  a  possibility  of  the  results  of  tests 
given  in  this  report  being  1.6  per  cent  too  high  or  too  low.  Thus, 
for  instance,  if  the  boiler  efficiency  item  72*  is  given  as  60  per  cent, 
the  margin  of  doubt  is  0.60x1.6  =  0.96,  or  about  1  per  cent  either 
way.  In  other  words,  the  boiler  efficiency  may  be  anywhere  from 
60-1=59  to  604-1  =61  percent. 

The  flue-gas  temperatures  as  recorded,  on  account  of  conditions 
already  stated,  are  very  likely  too  low;  but  such  error  affects j^j^^ 
the  heat  balance  and  not  the  economic  results.  A  flue-gas  tempei  tu 
tmre  that  is  too  low  lowers  items  2,  3,  and  4  of  the  heat  balance  and 
raises  item  6  by  the  same  amount.  It  does  not  affect  the  evapora- 
tion or  the  boiler  efficiency. 

Thus,  for  example,  in  test  4  the  stated  flue-gas  temperature  is  436^ 
F.  It  is  possible  that  the  actual  temperature  was  50°  F.  higher,  or 
486^  F.  If  so,  the  corresponding  four  items  of  the  heat  balance  for 
the  two  temperatures  are  as  follows: 

Table  2. —  Valxus  of  items  of  heat  balance  corresporuting  to  different  degrees  of  flue-gas 

temperature. 


Flue-gas  temperatures  (*F.)- 


A8sUte<l,436 

Hypothetical,  486. 


Items  in  heat  balance  (expressed  in  per- 
centage of  heat  in  1  pound  of  combus- 
tible). 


9.47 
0.80 


4.60 
A.9A 


12.02 
15.10 


6 


11.78 
8.74 


The  second  line  is  perhaps  closer  to  the  true  values  than  the  first 
one. 

5«007^— Bull.  2—10 2 
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DATA  AND  RESULTS  OF  TESTS. 

TABULATED  ITEMS. 

Fifteen  tests  were  made.  In  tests  8,  9,  10,  and  12  saturated  steam 
was  used  in  the  Argand  blowers;  for  all  other  tests  superheated  steam 
was  used.  In  tests  5,  6,  and  7  coal  crushed  by  hand  was  used;  coal 
for  all  other  tests  was  crushed  by  crusher.  Coal  used  in  test  13  was 
exposed  to  wind  and  sun  for  forty-eight  hours.  Coal  used  in  test  14 
was  exposed  twenty-four  hours.  The  averages  of  the  principal  items 
of  observed  data  and  the  calculated  results  are  given  in  Table  3. 
The  computations  embodied  in  the  table  were  made  according  to 
the  method  explained  in  Bulletin  325.*  This  method  is  in  practical 
accord  with  the  recommendations  of  the  American  Society  of  Mechan- 
ical Engineers.  The  figures  in  parentheses  at  the  heads  of  columns 
in  the  table  are  the  item  numbers  of  the  society's  code  for  steaming 
tests. 

The  economic  results  of  the  tests  are  given  in  columns  51-53,  56, 
and  66-69  of  Table  3. 

The  three  different  efficiencies  (columns  67-69)  express  three 
different  ratios.  Item  72*  (column  67),  efficiency  of  boiler,  is  the 
ratio  of  the  heat  absorbed  by  boiler  to  the  heat  of  the  combustible 
ascending  from  the  grate.  It  is  the  efficiency  of  the  furnace  and  boiler, 
but  not  of  the  grate.  Combustible  falling  through  the  grate  is  not 
consumed  and  is  excluded  from  this  efficiency.  Item  72*,  expressed 
in  per  cent,  corresponds  to  column  78  imder  **Heat  balance,'*  where 
the  value  in  British  thermal  units  is  stated. 

Item  73  (column  68)  is  the  combined  efficiency  of  the  boiler,  fur- 
nace, and  grate.  It  is  the  ratio  of  the  heat  absorbed  by  the  boiler 
to  the  heat  in  all  the  coal  fired  on  the  grate.  Item  72*  multiplied 
by  the  efficiency  of  the  grate  gives  item  73. 

The  column  69  of  Table  3  shows  the  * '  over-all  efficiency  of  the  steam 
generating  apparatus,"  including  the  ash-pit  blowers.  This  effi- 
ciency is  the  ratio  of  the  heat  absorbed  by  the  boiler  minus  the  heat 
of  steam  used  in  ash  pit  divided  by  the  heat  of  the  coal  fired  on  the 
grate,  and  is  equal  to  item  73  minus  the  heat  of  steam  used  in  ash- 
pit blower,  the  heat  being  expressed  in  percentage  of  the  heat  in 
dry  coal. 

a  Breckenridge,  L.  P.,  A  study  of  four  hundred  steaming  tests:  Bull.  U.  S.  Qeol.  Survey  No.  325, 1907, 
pp.  161-1S2. 


RE8XTLTS  OF  TESTS. 


17 


TABUi  3. — Summary  of  observed  data  and  calculated  items  of  15  steaming  tests  made  with 

North  Dakota  ligniUy  October  8-29,  1908  a 


Time  of  test. 

Condition  of 
fuel. 

• 

Average  pressures. 

Draft  (inches  of  wafer). 

'Test 
No. 

Date. 

October, 

1908. 

Duntioo 
(hours). 

Barom- 
eter 
(inches  of 
mercury). 

Steam,  above  at- 
mosphere   (lbs 
per  sq.  in.). 

Below  atmos-   Above  atmos- 
phere,             phere. 

1 

At  gage. 
6  (11.1) 

To  ash 
pit. 

Stack. 

Fur- 
nace. 

Ash 
pit. 

To 

bridge 

wail. 

1 

2  (1) 

«  (2) 

4 

6  (11) 

7 

8(12) 

•  (13) 

10 

11 

1 

8 
10 
11 
12 
14 
16 
17 
19 
20 
21 
22 
23 
26 
27 
20 
29 

3.18 
13.77 
ia47 
14.75 
14.25 
11.13 
12.70 
10.00 
12.05 
14.67 
10.08 
11.00 
13.42 
12.73 
12.12 

&13 

Fresh* 

....  do.* 

do.* 

do.* 

do.  t 

do.  c 

do.  e 

do.* 

do.  * 

do.* 

do* 

do* 

Weathered  d  . 
do.* 

Fresh* 

do.* 

28 

28.18 

2&33 

28.16 

27.54 

27.69 

28.19 

27.72 

27.12 

27.75 

28.30 

28.21 

28.13 

27.96 

28.31 

28.31 

141.4 
134.6 
131.9 
133.1 
133.9 
130.7 
134.8 
135.1 
131.0 
131. 6 
135.2 
135.0 
131.4 
131.3 
133.5 
133.2 

0.01 
.15 
.23 
.13 
.18 
.24 
.11 
.24 
.21 
.16 
.41 
.32 
.30 
.27 
.31 
.38 

0.12 
.75 
.10 
.11 
.14 
.15 
.09 
.13 
.16 
.12 
.21 
.18 
.20. 
.17 
.17 
.20 

0.66 
.90 
1.40 
1.42 
1.55 
1.78 
1.32 
.93 
1.67 
1.37 
1.74. 
1.83 
1.78 
1.95 
2.35 
2.27 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

IS 

15A. .  *. 

67.9 
77.9 
49.7 
51.2 
6&0 
63.6 
58.3 
64.5 
69.6 
105.9 
104.8 
92.0 
86.6 
82.7 

0.17 
.16 
.17 
.13 
.32 
.42 
.27 
.33 
.38 
.36 
.73 
.46 
.54 
.43 

Average  temperature  ('F.)  of— 


Test  No.  i    Atmosphere. 


1.. 
•> 

3.. 

1- 

o... 

6.. 

7, . 

8.. 

9.. 
10.. 
II.. 
12.. 
13.. 
14.. 
l.'*.. 


Ontr 
side. 


It 


Fire- 
room. 


Pre- 
heated air 
to  bridge 

wall. 


Steam  to 

ash-pit 

blowers./ 


18  (16) 


71 
44 

SO 
66 
70 
49 
40 
46 
46 
37 
30 
46 
50 
51 
33 
35 


85 
75 
83 
84 
88 
72 
66 
68 
67 
68 
60 
65 
66 
75 
66 
67 


14 


15 


Feed 

water  In 

tank 


16  (18) 


446 

271 

557 

279 

533 

240 

455 

251 

532 

246 

488 

217 

463 

241 

327 

218 

332 

207 

332 

242 

210 

336 

197 

483 

210 

507 

223 

549 

55 
54 
53 
54 
56 
60 
57 
51 
55 
43 
30 
48 
54 
48 
41 
38 


I 


Calo- 
rimeter. 


Flue 
gas. 


Fur- 
nace. 


7 

18(21) 
442 

209 

291 

373 

292 

457 

201 

436 

287 

474 

276 

519 

291 

494 

291 

521 

285 

472 

285 

462 

286 

670 

290 

549 

276 

500 

288 

528 

280 

526 

282 

555 

10 


1,701 
2,181 
2,171 
2,014 
2,146 
2,160 
2,122 
2,060 
2,109 
2,148 
2,073 
2,165 
2,115 
2,161 
2,120 
2,156 


Fuel  (total  weights  In 
pounds). 


As 

fired. 


Dry. 


Ash 

and 

refuse. 


(26) 


6,350 
30,729 
29,000 

£if  VMS 

28,000 
28,340 
27,101 
28,000 
28,500 
28,000 
28,000 
30,000 
30,000 
27,997 
31,672 
21,659 


21  (27)    «  (28) 


258 

17,897 

1,540 

16,527 

1,558 

15,606 

2,106 

16,895 

1,170 

16,536 

1,103 

15,705 

781 

15,725 

1,986 

15,837 

1,665 

15,764 

1,586 

15,094 

1,997 

17,271 

1,084 

17,469 

1,309 

16,129 

1,075 

18, 167 

2,391 

12,424 

1,635 

•  Code  numbeiB  (In  parentheses  at  the  top  of  certain  columns)  refer  to  corresponding  items  explained 
in  BulL  U.  8.  Ged.  Survey  No.  325,  pp.  151-153.    See  also  Prof.  Paper  U.  S.  GeoF.  Sun^ey  No.  48,  pt.  2. 

*  Crushed  by  crusher;  20  to  30  per  cent  slack, 
c  Crashed  by  hand. 

^Coal  expowd  to  wind  and  sun  for  forty-eight  hours. 

'Coal  exposed  to  wind  and  sun  for  twenty-four  hours. 

/Condition  of  steam  used  in  ash-pit  blowers:   Saturated  in  tests  8, 9, 10,  and  12;  superheated  in  all  other 
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Fired  per  bout  (llB.) 


»<3I)  !«(31a: 


ProiiiMle  ftnalysl*  (per  ceol). 


In     Id  com- 


Sulphur,  BeparBt«l7  de- 


VlUatMe  utHysIa  (per  ccdI). 


Bjrdrogen. 


Oxfgm,  NtlragCD. 


HE8ULTS  OF  TESTS. 


19 
t»  made  leilh 


- 

W.,.rr«I 

bolto  (pounds 

Evvontion. 

EquivaJenl  evaponled  Irom  sad  at  212*  F. 

""Sc:"" 

[ 

Total 

Per  pound  olluel- 

(->  ltJ?S-.. 

Tour. 

Per 

(>) 

dry 

Total 

to" 

A8 

Ury. 

(') 

1 

M(5T) 

" 

48(ft3) 

4f 

»(81) 

ftKM) 

M<70) 

W(T1*) 

- 

M 

68(68) 

7(80) 

, 

imio 

•  m 

5  774 

290 

« 

.sao 

607 

t'tst 

ii 

s? 

171 

77 

l.203fl 

10 

.B 

H! 

s 

Ml 

895 

3 

11 

1.H13 

'" 

.U7 

n 

8,908 

J.  44 

(,.W 

w 

Wl 

'' 

"■ 

1.126g 

CorapotlUen  of  reftise 
tperoeni). 

He»t  vBliia  pm      St«im{per 
l»und(B.tu.)-        cent). 

s 

S" 

ElBciency  (percent).. 

lOlK-rand 

TotNc 

£;: 

E«rthy 

CUnk. 

a 

Com- 
ble." 

Uol>- 

ID. 

f- 

. 

'ir 

IncluU 

80(29 

84(50 

85(65 

grate. 
88(73) 

> 

36(44 

» 

«<») 

estiu'sscw 

88 

87(7S« 

" 

M.74 

202  « 

22.  SS 

77.15 

47.0 

10.00S 

.S7J 

99,58 

275 

68.99 

22.-5 

20.6 

lOffiS 

IH 

ne.33 

"11 

«e.3 

59.38 

87-02 

10  116 

T4 

^ 

«7 

10  iS 

01 

99.31 

m.3 

60. 17 

? 

36.64 

83.38 

34.0 

W.049 

Tfl 

99.2 

? 

S8.8 

i'621 

sfi 

60.47 

? 

'h 

1.680 
l.H>) 

21 

w'.y 

s 

lit 

"* 

"** 

10 

,3 

68.r-i 

20 
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Table  3. — Summary  of  observed  data  and  calculated  item^  of  15  steaming  tests  made  loitft 

North  Dakota  lignite,  October  5-fP,  1908--Contin\ied. 


Average 

thickness 

of  fuel 

bed 

(Inches). 

Avpr- 
a^e  in- 
tervals 

be- 
tween 
firint,'s 
(min- 
utes). 

Dry  chimney  gases. 

Heat 
value 
ofl 
pound 
of  com- 
bustible 
(B.t.u.). 

Heat  balance,  b 

Test 
No. 

Per 
pound 
of  com- 
bustible 
(pound.<i). 

Analysis  (per  cent)  o 

Ab- 
sorbed 

boUer 

(B.t, 

U.).  e 

Heat  lost  In 

dry  floe 

gases  (4). 

COj. 

0,. 

CO. 

Nf. 

B.  t.  u. 

Pr.ct. 

1 

70(81) 

71(82) 

72 

7S(84) 

74(85) 

7ft  (86) 

76 

77 

78 

79 

80 

1 

9-10 
19 
22 

18-a) 
17 
22 

22-24 

18-20 
22 
20 
20 

18-20 
22 
22 

18-20 

18-20 

5.6 
4  6 
3.3 
5.0 
4.9 
3.6 
4.2 
3.5 
4.2 
5.0 
3.1 
3.2 
3.9 
4.1 
4.8 
4.8 

10.43 
10.04 
11.11 
9.79 
10.83 
11.18 
12.40 
12.23 
11.49 
11.06 
10.92 
12.14 
10.40 
11.50 
11.44 
11.54 

7.34 
9.04 
7.34 
9.27 
7.99 
7.42 
6.37 
6.45 

7.eo 

8.20 
8.26 
6.46 
8.74 
7.83 
7.03 
7.12, 

•1.49 
.10 
.19 
.05 
.58 
.79 
.23 
.19 
.36 
.32 
.23 
.52 
.43 
.12 
1.03 
.58 

80.74 
80.82 
81.36 
80.89 
80.60 
80.61 
81.00 
81.13 
80.55 
80.42 
80.50 
80.88 
80  43 
80.55 
80.50 
80.76 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

15A  .... 

16.94 
15.19 
17.29 
15.04 
14.29 
13.54 
13.88 
14.48 
15.09 
15.30 
13.58 
15.82 
14.84 
13.75 
14.15 

11,570 
11,573 
11,576 
11,612 
11,578 
11,534 
11,610 
11,587 
11.005 
11,554 
11,585 
11.610 
11,621 
11.500 
11,500 

7,098 
6,827 
7,068 
6,895 
6,490 
7,068 
6,451 
6,972 
7,455 
7,223 
6,847 
7,021 
7,127 
6,939 
6,567 

1,212 
1,363 
1,461 
1,392 
1.833 
1,390 
1,509 
1,407 
1,427 
1,837 
1,577 
1,652 
1,613 
1,518 
1,657 

10.47 
11.78 
12.62 
11.90 
13,24 
12.06 
18.00 
12.14 
12.30 
15.90 
13.61 
14.23 
13.88 
13.10 
14.30 

Loss  due  tc 

Heat  balance. 

Boiler  suppljring  steam  to  ash  pit. 

1 

>  moisture. 

1 

Loss  In  escap- 

Used for  Argand  blowers. 

Loss  duo  to 

ing  hydro- 
carbons, radi- 

Test 
No. 

incomplete 

In  tho 

Formed  by 

combustion 

ation,  and  un- 

Time 

used 

.hours). 

Steam 
(poundic). 

Heat 

fuel  (2). 

the  burning  of 
hydrogen  (3). 

of  carbon  (5). 

accounted 
for  (6). 

In 
form 

of 
steam 

Evap- 
ora- 
tion 

(per 

B.  t  u. 
81 

Pr.ct. 

B.  t.  u. 
83 

I'r.cl. 

B.  t.  u. 

86 

Pr.  ct. 

86 

».  t.  u. 

87 

Pr.ct 
88 

Total. 



90 

Por 
hour. 

(per 
cent). 

cent). 

1 

82 

89 

01 

96 

1 

2 

"967' 

1,049 

1.096 

8.36 
9.  mi 
9.47 

"*528' 
540 
533 

■4.' 66 
4.67 
4.60 

09 

117 

35 

6.66 

1.01 

.30 

i',m 

1,677 
1,363 

ii'ee' 

14.49 
1L78 

:\ 

4 

14.60 

6.853 

469 

5.11 

8.69 

6 

892 

7.68 

540 

4.65 

354 

3.05 

1,539 

13.25 

8.37 

4,200 

503 

4.74 

8.34 

6 

1.03.) 

8.92 

556 

4.80 

457 

3.95 

1.509 

13.03 

9.55 

5.494 

575 

4.44 

7.58 

7 

1.050 

9.10 

551 

4.78 

125 

LOO 

1,330 

1L53 

12.13 

6,966 

674 

5.42 

8.60 

8 

1.127 

9.71 

560 

4.82 

106 

.91 

1.857 

16.00 

8.3:) 

4,365 

524 

3.84 

7.03 

9 

1.123 

9.69 

549 

4.74 

211 

L82 

1.325 

1L44 

9.87 

5.651 

573 

5.34 

8.92 

10 

1.083 

9.33 

547 

4.71 

195 

LOS 

898 

7.74 

13.47 

6,841 

607 

5.42 

8.68 

11 

1.116 

9.66 

567 

4.91 

142 

L23 

669 

6.78 

9.12 

5.824 

639 

4.75 

7.51 

12 

1.061 

9.16 

564 

4.87 

285 

2.46 

1,251 

10.80 

10.53 

6.962 

661 

4.82 

7.83 

13 

1.017 

8.76 

556 

4.79 

276 

2.38 

1.088 

9.37 

9.30 

5.496 

591 

5.16 

7.50 

14 

1.038 

8.93 

560 

4.82 

72 

.62 

1.211 

10.42 

12.22 

7.252 

594 

5.32 

8.50 

15 

1.059 
1,070 

9  14 
9.2) 

561 
567 

4.84 
4.89 

573 
332 

4.94 
2.87 

1.940 
1,397 

16.74 
12.05 

15A 

a  Hydrogen  and  hydrocarbons  not  determined. 

fr  Heat-balance  items  (designated  by  numbers  In  parentheses  under  this  heading)  are  explained  In 
Bull.  U.  S.  Oeol.  Survey  No.  325.  p.  153. 
c  The  per  cent  of  heat  absorbed  by  the  boiler  Is  shown  under  Item  72*,  column  67  of  this  table. 
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OB8EBVEB8'  NOTES. 

DenrUy  of  tTnohe.— The  visible  smoke  during  all  the  tests  was  very  light  and  appeared 
to  be  composed  mostly  of  water  vapor.  At  the  top  of  the  stack  hardly  any  smoke  was 
discernible,  the  color  of  the  smoke  becoming  apparent  only  at  a  distance  of  15  to  30 
feet  from  the  top  of  the  stack,  where  a  density  was  observed  that  would  be  denoted 
on  Ringelmann's  charts  as  between  Nos.  0  and  1. 

T€9t  1,  October  8. — Test  1  was  short  and  for  that  reason  is  not  considered  accurate. 
The  fuel  bed  at  the  start  was  comparatively  thin  (about  6  inches),  and  when  thickest 
was  only  9  to  10  inches.  Samples  of  coal  and  ash  of  this  test  were  not  sent  for  chemical 
analysis. 

TeU  2,  October  10. — ^Test  2  was  run  with  superheated  steam  in  the  ash-pit  blowers. 
Fire  was  run  at  low  rate  of  combustio];^  two  days  before  starting  the  test  and  the  fuel 
bed  was  apparently  in  good  condition  when  the  test  was  started.  The  fuel  bed  at 
start  was  about  17  inches  thick;  average  for  the  test  about  20  inches.  The  grates 
were  shaken  eleven  times  during  the  test.  The  fire  had  burned  down  at  the  close  to  the 
same  level  as  at  the  start.  In  computing  results  650  pounds  was  added  to  the  weight 
of  coal  as  correction  for  the  clinkers  in  the  fuel  bed  at  the  end  of  the  test.  Fairly  uni- 
fonn  conditions  prevailed  during  the  test. 

Test  S,  October  11. — ^Test  3  was  run  with  superheated  steam  in  the  ash-pit  blowers. 
Fire  was  cleaned  about  1  or  2  o'clock  in  the  morning  and  the  boiler  was  run  at  60  to 
75  per  cent  of  rated  capacity  until  test  started.  The  fuel  bed  was  about  13  inches 
thick  at  the  start  and  18  inches  at  the  close;  average  for  the  test  about  20  inches. 
During  the  test  about  165  pounds  of  coal  was  fired  at  intervals  of  two  or  three  minutes, 
spreading  the  coal  over  the  entire  fuel  bed.  The  grate  was  shaken  ten  times  during 
test.    Uniform  conditions  prevailed  during  the  entire  test. 

Te9t  4,  October  12. — Test  4  was  run  with  superheated  steam  in  the  ash-pit  blowers. 
Hhe  fuel  bed  was  about  16  to  17  inches  thick  at  the  start  and  about  20  to  21  inches  at 
the  close;  average  during  test  about  20  inches.  The  grate  was  shaken  eight  times 
during  the  entire  test .  Coal  was  fi red  in  charges  of  160  pounds  at  intervals  of  four  or  five 
minutes,  spreading  it  over  the  entire  grate  area.  Uniform  conditions  prevailed  dur- 
ing entire  test.  Clinkers  were  more  troublesome  than  in  tests  2  and  3.  This  was 
probably  due  to  the  fact  that  the  coal  contained  about  30  per  cent  of  slack.  The  fuel 
was  apparently  of  inferior  quality  as  compared  with  that  of  tests  2  and  3.  Clinkers 
were  heavy  and  fused  to  the  brick  on  the  sides  of  the  furnace. 

Tett  5f  October  14. — ^Test  5  was  run  with  superheated  steam  in  the  ash-pit  blowers. 
Coal  used  on  this  test  was  crushed  by  hand  and  contained  very  small  percentage  of 
slack;  it  was  mostly  in  pieces  3  to  6  inches  through.  Sulphur  appeared;  distributed  in 
thin  layers.  The  fu<  1  bed  was  about  15  inches  thick  at  the  start  and  about  18  inches 
at  the  close.  The  grate  was  shaken  eight  times  during  test.  Fire  was  apparently 
in  good  condition  during  the  entire  test.  Coal  was  fired  in  chaises  of  165  pounds  at 
fifteen-minute  intervals.  From  3.30  to  5  o'clock  the  fan  forcing  the  air  into  the 
furnace  through  the  bridge-wall  opening  was  out  of  repair  and  ran  too  slow,  so  that  not 
enough  air  was  supplied  to  bum  the  gases;  this  resulted  in  high  CO  content  in  the  flue 


Tent  6,  October  16.— Test  6  was  run  with  superheated  steam  in  the  ash-pit  blower. 
Coal  used  on  this  test  was  crushed  by  hand  and  was  wet  from  rain  when  fired.  Sul- 
phur appeared  in  rather  large  quantities;  distributed  in  thin  layers.  The  fuel  bed 
was  about  17  inches  thick  at  the  start  and  about  20  inches  at  the  close;  average  during 
test  about  22  inches.  The  grate  was  shaken  five  times  during  the  test.  Until  about  3 
o'clock  the  test  was  somewhat  irregular;  after  that  it  ran  smoothly.  The  grates  were 
not  shaken  after  1.35  o'clock,  and  the  fire  remained  in  good  condition.  Coal  was 
fired  in  charges  oi  165  pounds  at  foiir-minute  intervals.    The  percentage  of  CO  in  the 
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flue  gases,  as  shown  by  analysis,  is  high  when  the  air  pressure  to  bridge-wall  openings 
is  low;  when  the  pressure  is  increased  CO  drops  down. 

Test  7,  October  17. — Test  7  was  run  with  superheated  steam  in  the  ash-pit  blowers. 
Goal  used  was  crushed  by  hand.  Sulphiu:  appeared  in  large  quantity;  distributed  in 
thin  layers.  The  fuel  bed  was  17  inches  thick  at  the  start  and  22  inches  at  the  close; 
average  for  the  test  about  23  inches.  The  grate  was  shaken  four  times  during  test. 
Little  free  ash  was  found  in  the  ash  pit  at  the  end  of  the  test.  The  grate  seemed  to  be 
entirely  covered  by  clinkers,  and  no  more  ash  could  be  shaken  down  by  rocking  it. 
When  pulled  the  clinkers  had  a  very  strong  SO,  odor.  The  fire  was  unmanageable 
during  the  last  one  and  one-half  hours,  and  the  test  could  not  have  been  run  much 
longer. 

Test  8,  October  19. — ^Test  8  was  run  with  saturated  steam  in  the  ash-pit  blowers. 
Coal  was  crushed  by  crusher,  was  very  wet,  an()  contained  20  to  30  per  cent  of  slack. 
The  fuel  bed  was  about  16  inches  thick  at  the  start  and  about  20  inches  at  the  close; 
average  for  the  test  18  to  20  inches.  The  grates  were  shaken  five  times  during  the  test. 
Attempts  to  shake  clinkers  through  the  grate  resulted  in  shaking  a  large  amount  of 
fine  coal  into  the  ash  pit.  In  cleaning  up  after  closing  large  and  thick  pieces  of  clinker 
were  found  on  the  grate. 

Teat  P,  October  £0. — ^Test  9  was  run  with  saturated  steam  in  the  ash-pit  blowers. 
Coal  was  crushed  by  crusher,  was  wet  from  rain,  and  contained  about  20  per  cent  slack. 
The  fuel  bed  was  15  inches  thick  at  the  start  and  20  inches  at  the  close;  average  for 
the  test  20  to  22  inches.  After  5  p.  m.  the  fire  seemed  to  be  in  bad  condition  on  account 
of  clinkers,  preventing  free  passage  of  air  through  the  fuel  bed. 

Test  10  f  October  21. — Test  lO  was  run  with  saturated  steam  in  the  ash-pit  blowers. 
Coal  was  crushed  by  crusher.  Fire  was  started  at  3  a.  m.,  with  the  burning  coal  left 
on  the  grate  after  cleaning.  The  fuel  bed  was  18  inches  thick  at  the  start  and  22 
inches  at  the  close;  average  for  the  test  about  20  inches.  Coal  was  fired  in  charges  of 
165  pounds  at  five-minute  intervals. 

Test  11 J  October  22. — Test  11  was  run  with  superheated  steam  in  the  ash-pit  blowen. 
Coal  was  crushed  by  crusher;  the  appearance  of  the  coal  was  good.  The  fuel  bed  was 
14  inches  thick  at  the  start  and  18  inches  at  the  close;  average  for  the  test  20  inches. 
The  grates  were  shaken  eight  times  during  the  test.  Strong  SO9  odor  came  out  of  the 
ash  pit  when  grates  were  shaken.  Coal  was  fired  in  charges  of  165  pounds  at  three- 
minute  intervals.  This  test  represents  the  highest  capacity  which  can  be  developed 
with  this  apparatus  and  fuel  without  great  decrease  of  efficiency. 

Test  12 J  October  23. — Test  12  was  run  with  saturated  steam  in  the  ash-pit  blowers. 
Coal  was  crushed  by  crusher.  The  fuel  bed  was  14  inches  thick  at  the  start  and  18 
inches  at  the  close;  average  for  the  test  18  to  20  inches.  The  grates  were  shaken  five 
times  during  test,  only  very  little  at  a  time,  so  that  not  much  fine  coal  was  shaken 
into  the  ash  pit.    Coal  was  fired  in  charges  of  165  pounds  at  three-minute  intervals. 

Test  IS  J  October  26. — Test  13  was  run  with  superheated  steam  in  the  ash-pit  blowers. 
Coal  used  had  been  exposed  to  wind  and  sun  for  forty-eight  hours  and  was  crushed  by 
crusher.  The  fuel  bed  was  13  inches  thick  at  the  start  and  17  inches  at  the  close; 
average  for  the  test  about  21  inches.  Coal  was  fired  in  charges  of  165  poimds  at  inter- 
vals of  four  or  five  minutes.  The  grates  were  shaken  six  times  during  the  test.  One 
of  the  ash-pit  blowers  was  stopped  during  the  first  three  hours  of  the  test. 

Test  14y  October  27. — Test  14  was  run  with  superheated  steam  in  the  ash-pit  blowers. 
Coal  used  had  been  exposed  to  sun  and  wind  for  twenty-four  hours;  the  portion  fired 
after  5 .30  contained  about  20  per  cent  of  slack .  The  fuel  bed  was  13  inches  thick  at  the 
start  and  18  inches  at  the  close;  average  for  the  test  21  inches.  The  grate  was  shaken 
four  times  during  test.    Coal  was  fired  in  charges  of  165  pounds  at  four-minute  intervals. 

Test  15,  October  29. — ^Test  15  was  run  with  superheated  steam  in  the  ash-pit  blowers, 
steam  being  supplied  for  this  purpose  by  the  main  test  boiler.  One  object  of  this  test 
was  to  determine  whether  the  clinkers  could  be  made  to  fall  into  the  ash  pit  by  frequent 
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Bhaking  of  the  grate  and  the  fire  thereby  continually  maintained  in  good  running  con- 
dition. At  9.45  a.  m.  one  of  the  shaking  bars  on  the  left  side  of  the  grate  became  dis- 
connected from  the  grate  bars,  and  after  that  only  the  other  (alternate)  grate  bars  on 
the  left  side  could  be  shaken.  As  a  result  of  the  frequent  shaking  of  the  grate  much 
fine  coal  fell  into  the  ash  pit  and  the  amount  of  refuse  was  increased  considerably. 
At  6.50  p.  m.  the  fire  became  unmanageable,  on  account  of  clinkers  on  the  grate, 
and  the  test  had  to  be  stopped.  The  fuel  bed  was  18  inches  thick  at  the  start  and  22 
inches  at  the  cloee;  average  for  the  test  22  inches. 

Test  15  has  been  separated  into  two  parts.  The  first  four  hours  have  been  considered 
as  preliminary.  The  intention  was  to  run  ten  hours  after  that,  but  clinkers  so  accumu- 
lated on  the  grate  that  the  second  part  of  the  test  had  to  be  stopped  at  the  end  of  eight 
hoTiTB.  The  data  of  the  two  parts  appear  separately  in  Table  3.  The  whole  test, 
including  the  preliminary  part,  is  represented  in  the  line  opposite  test  number  15; 
the  data  of  the  last  eight  hours  (omitting  the  preliminary  four  hours)  are  given  in  the 
line  opposite  15A. 

INTERRELATION  OF  DATA. 
EFFECT  OF   VARYING   RATES   OF   COMBUSTION. 

• 

Figures  4  and  5  show  graphically  the  relation  between  the  data 
taken  during  the  tests  and  the  calculated  results.  Each  symbol 
on  the  chart  represents  one  test.  The  hollow  circles  show  tests  made 
with  saturated  steam  in  the  ash-pit  blowers;  solid  circles  show  tests 
during  which  the  ash-pit  blowera  were  operated  with  superheated 
steam.  The  tests  made  with  hand-crushed  coal  are  represented  by 
solid  squares;  coal  on  all  other  tests  was  crushed  by  a  crusher.  The 
two  tests  represented  by  triangles  were  made  with  coal  weathered 
twenty-four  and  forty-eight  hours. 

Curve  C  of  figure  4  shows  the  relation  of  the  rates  of  combustion 
to  equivalent  evaporation  per  pound  of  dry  coal.  Although  the 
symbols  do  not  fall  closely  along  a  single  line  the  general  indication 
is  that  as  the  rate  of  combustion  increases  from  19  to  29  pounds  of  dry 
coal  burned  per  square  foot  of  grate  per  hour  the  equivalent  evapora- 
tion per  pound  of  dry  coal  falls  from  6.4  to  6.8.  This  drop  in  evapora- 
tion when  the  rate  of  combustion  increases  is  caused  to  some  extent 
by  less  perfect  absorption  of  heat  by  the  boilers;  but  the  principal 
cause,  as  will  be  shown  in  connection  with  figure  5,  is  less  perfect 
combustion  of  the  gaseous  fuel.  This  curve  also  shows  that  hand- 
crushed  coal  does  not  give  any  better  results  than  coal  crushed  by 
the  crusher;  it  further  shows  that  the  use  of  superheated  steam  in 
the  ash-pit  blower  does  not  improve  the  evaporation.  The  two  tests 
made  with  the  weathered  coal  show  evaporation  slightly  above  the 
average;  the  improvement,  however,  is  rather  small  and  hardly 
decisive.  On  examining  the  chemical  composition  of  the  coal  of 
these  two  tests  it  is  found  that  the  weathering  reduced  the  mois- 
ture but  little,  and  that  more  could  probably  be  gained  by  longer 
weathering. 
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FiGUBE  4.— Curves  showing  relations  of  rates  of  combustion  to:  A,  Steam  used  In  ash-pit  blowers;  D,  per- 
centage of  boiler's  rated  capacity  developed;  C,  equivalent  evaporation  per  pound  of  dry  coal  fired. 
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Curve  B  of  figure  4  shows  the  relation  of  the  rates  of  combustion 
to  capacity.  The  indication  is  that  the  capacity  increases  almost 
directly  with  the  rate  of  combustion.  This  of  course  is  reasonable, 
because  when  more  coal  is  burned  more  heat  is  liberated  in  the  fur- 
nace, and  more  heat  is  absorbed  by  the  boiler. 

Curve  A  representing  the  relation  of  the  rate  of  combustion  to 
the  consumption  of  steam  in  ash-pit  blowers  shows  that  as  the  rate 
of  combustion  increases  less  steam  is  used.  The  actual  drop  in  the 
consumption  of  steam  is  greater  than  the  apparent  as  shown  by  the 
curve  because  of  the  fact  that  as  the  combustion  increases  the  total 
steam  made  per  pound  of  coal  grows  less,  the  basis  of  measuring  the 
steam  becomes  smaller,  and  the  consumption  of  the  steam  conse- 
quently appears  larger  than  it  really  is.  The  curve  indicates  that 
as  the  rate  of  combustion  increases  from  19  to  29  pounds  of  coal  per 
square  foot  of  grate  per  hour  the  amount  of  steam  used  in  the  ash-pit 
blowers  drops  from  8.6  to  7.4  per  cent  of  the  total  steam  made. 
This  drop  is  perhaps  contrary  to  what  would  be  ordinarily  expected. 
In  fan  blowers  the  steam  consumed  would  increase  approximately 
as  the  square  of  the  rate  of  combustion.  The  smaller  consumption 
of  steam  by  the  Argand  blowers  at  higher  rates  of  combustion  is 
undoubtedly  due  to  a  much  increased  efficiency  of  the  blower  at  the 
higher  speed.  To  get  higher  rate  of  combustion  more  air  must  be 
supplied  to  the  ash  pit;  this  is  attained  by  increasing  the  steam 
pressure  inunediately  back  of  the  small  orifices  of  the  blower.  The 
increased  steam  pressure  causes  the  steam  discharged  through  the 
orifices  to  move  at  higher  velocity,  resulting  in  an  increased  air 
supply.  As  this  higher  velocity  of  steam  makes  the  blower  more 
efficient,  it  seems  that  the  blower  could  be  made  more  efficient  at 
lower  speed  by  making  each  orifice  in  the  blower  smaller;  this  change 
would  retain  higher  pressure  back  of  the  orifice  and  thus  increase 
the  velocity  of  steam  issuing  from  it.  The  objection  to  small  orifices 
is  that  they  are  liable  to  become  clogged,  particularly  if  saturated 
steam  is  used.  Perhaps  fewer  openings  and  those  of  larger  size  would 
increase  the  efficiency  of  the  blowers  without  giving  serious  trouble 
on  account  of  the  openings  becoming  clogged.  It  may  be  noted  that 
the  amount  of  steam  used  during  a  given  period  in  the  blowers  is  too 
high  and  that  considering  the  already  great  abundance  of  moisture 
in  the  coal  steam  is  not  needed  in  the  ash  pit.  This  suggests  the 
possibility  that  the  same  results  could  be  accomplished  with  much 
less  expenditure  of  steam  by  the  use  of  a  fan  blower. 

Curve  A  shows  that  the  consumption  of  steam  in  the  blower  is 
about  the  same  whether  saturated  or  superheated  steam  is  used. 
There  seems  to  be  no  advantage  in  the  use  of  superheated  steam 
other  than  that  of  lessening  the  chances  of  clogging  the  lower 
openings. 
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FIOUBE  5.— Curves  showing  relations  of  rates  of  combustion  to:  1,  lieat  absorbed  by  boiler:  2.  heat  lost  In 
dry  chimney  gases;  3,  heat  lost  in  moisture  in  coal;  4,  heat  lost  in  moisture  formed  by  the  burning  of 
hydrogen  of  ooal;  S,  heat  unaooounted  for;  6,  heat  lost  in  unburned  CO  In  the  flue  gasea. 
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Figure  5  shows  the  variation  in  the  distribution  of  heat  as  the  rate 
of  combustion  increases.  Each  item  of  the,  heat  distribution  is 
expressed  in  percentage  of  the  total  heat  of  combustible  ascending 
from  the  grate.  The  amount  of  combustible  thus  consumed  (column 
23  of  Table  3)  is  equal  to  the  total  combustible  of  coal  as  fired  minus 
the  amount  of  combustible  in  the  refuse.  The  following  equation 
shows  the  method  of  computing  this  factor  (code  item  30*) : 
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The  curves  of  figure  5  represent  the  items  of  the  heat  balance 
(columns  78-88,  Table  3)  plotted  on  the  rates  of  combustion  as 
abscissas.  The  ordinates  to  be  used  with  each  curve  are  directly 
at  the  left. 

Curve  1  shows  the  relation  of  the  rate  of  combustion  to  the  amount 
of  heat  absorbed  by  the  boiler  which  constitutes  item  1  of  the  heat 
balance  (column  78,  Table  3),  stated  in  percentage  form  as  item  72  * 
(column  67)  in  Table  3.  In  the  code  of  the  American  Society  of 
Mechanical  Engineers  for  conducting  steaming  tests  this  item  is 
designated  "boiler  eflSciency/'  but  strictly  speaking  it  is  the  com- 
bined efficiency  of  the  boiler  and  furnace  exclusive  of  the  grate. 

The  curve  shows  that  in  general  this  efficiency  drops  from  about 
63  to  67  per  cent  as  the  rate  of  combustion  increases  from  19  to  29 
pounds  of  dry  coal  per  square  foot  of  grate  per  hour.  This  drop  of 
about  6  per  cent  in  efficiency  is  perhaps  mostly  due  to  less  complete 
combustion  of  the  gaseous  combustible  in  the  combustion  space  of 
the  furnace.  This  statement  is  supported  by  the  showing  of  curves 
5  and  6.  Curve  6  shows  the  heat  loss  caused  by  carbon  monoxide 
(00)  leaving  the  furnace  unbumed.  The  indication  is  that  as  the 
rate  of  combustion  increases  from  19  to  29  pounds,  the  loss  in  CO 
increases  from  1  to  3  per  cent.  When  CO  leaves  the  furnace  un- 
bumed there  is  a  very  strong  probability  that  traces  of  other  com- 
bustible gases,  such  as  H,,  CH^,  C3H4,  and  C3H3  are  escaping  unbumed; 
also  that  small  quantities  of  tar  vapors  and  perhaps  some  solid  carbon 
in  the  form  of  fine  soot  are  passing  unconsumed  out  of  the  furnace 
and  causing  further  losses.  Although  each  of  these  combustibles 
may  escape  in  amounts  so  small  that  it  is  very  difficult  or  impossible 
to  measure  them,  there  are  probably  so  many  of  them  that  the  total 
heat  loss  due  to  their  leaving  the  furnace  unbumed  may  be  much 
higher  than  the  loss  due  to  CO.  This  loss  due  to  the  unconsumed 
hydrogen  and  carbon  and  their  various  combinations  appears  in 
item  6  of  the  heat  balance  (columns  87  and  88,  Table  3),  which  item 
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is  plotted  as  curve  5  of  figure  6.  This  item  is  called  the  unaccounted- 
for  heat  loss,  and  includes,  besides  the  loss  mentioned  as  due  to 
incomplete  combustion,  also  the  loss  due  to  radiation,  as  well  as  all 
the  errors  of  observation,  of  sampling  of  coal  and  ash,  and  of  chemical 
analysis.  These  errors  are  not  likely  to  vary  with  the  rate  of  com- 
bustion. Radiation  varies  with  temperature  only  and  not  with  the 
rate  of  making  steam;  therefore,  the  radiation  loss  decreases  rather 
than  increases  with  the  rate  of  combustion.  We  may  reasonably 
infer  that  if  the  unaccounted-for  loss  increases  with  the  rate  of  com- 
bustion, the  increase  is  due  to  the  unconsumed  tar  vapors  and  gases 
as  suggested  above.  On  examining  curve  5  it  is  seen  that  on  the 
average  the  unaccounted-for  loss  rises  from  10  to  13.5,  or  3.5  per 
cent,  as  the  rate  of  combustion  increases  from  19  to  29  pounds. 
This  3.5  per  cent  loss  plus  the  2  per  cent  increase  in  loss  due  to  CO 
may  perhaps  account  for  5.5  per  cent  of  the  total  drop  of  6  per  cent 
in  the  efficiency  accompanying  the  increased  rate  of  combustion. 
These  losses  amounting  to  5.5  per  cent  are  caused  by  incomplete 
combustion  and  should  be  charged  against  the  furnace. 

Curve  2,  figure  5,  represents  item  4  in  the  heat  balance  (columns  79 
and  80,  Table  3)  and  shows  the  relation  of  the  rates  of  combustion 
to  the  heat  carried  away  in  dry  chimney  gases.  The  curve  indicates 
that  this  loss  increases  from  12.5  to  14,  or  1.5  per  cent,  as  the  rate 
of  combustion  increases  from  19  to  29  pounds.  This  increase  of  heat 
carried  away  in  dry  chimney  gases  is  caused  by  the  rise  of  the  tem- 
perature of  the  chimney  gases;  in  other  words,  it  is  due  to  less  com- 
plete absorption  of  the  heat  by  the  boiler  from  the  gases.  The 
increase  in  this  loss  is  therefore  directly  chargeable  to  the  boiler. 

Curve  3  represents  item  2  of  the  heat  balance  (columns  81  and  82, 
Table  3)  and  shows  the  relation  of  the  rates  of  combustion  to  the  heat 
carried  away  in  moisture  in  coal.  The  symbols  fall  very  closely 
along  the  line  of  the  curve,  showing  that  there  was  very  little  varia- 
tion of  this  loss  on  different  tests.  Very  little  variation  is  due  to  the 
rate  of  combustion;  the  curve  shows  that  the  loss  in  the  moisture  in 
coal  increases  only  about  0.25  per  cent,  while  the  rate  of  combustion 
ranges  from  19  to  29  pounds. 

Curve  4  represents  item  3  of  the  heat  balance  (columns  83  and  84, 
Table  3)  and  shows  the  heat  loss  in  moisture  formed  by  burning  the 
hydrogen  of  the  coal.  It  has  been  plotted  rather  to  complete  the 
graphical  heat  balance  of  this  figure  than  to  show  any  relation  to 
other  items.  All  the  symbols  of  this  item  fall  very  closely  along  the 
curve,  showing  that  this  loss  is  about  the  same  for  all  tests  and  very 
nearly  the  same  for  all  rates  of  combustion. 

It  has  been  stated  on  page  15  that  the  recorded  flue-gas  tempera- 
ture was  probably  50°  F.  lower  than  the  actual  temperature.  Assum- 
ing the  correctness  of  this  estimate  of  variation  from  the  actual,  the 
heat  loss  in  dry  chimney  gases  should  be  recorded  2  per  cent  higher 
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and  the  unacco\mted-for  loss  2  per  cent  lower.  Were  the  flue-gas 
temperature  50°  F.  higher,  curve  2  of  figure  5  should  be  shifted  to 
the  position  of  the  dotted  line  above  it  and  curve  5  to  the  position  of 
the  dotted  line  below  it,  but  the  relative  position  of  the  symbols  along 
the  curves  would  not  be  changed.  The  unaccounted-for  loss  would 
then  run  from  8  to  11.5  per  cent,  which  is  probably  what  it  actu- 
ally was. 

It  has  been  pointed  out  that  for  the  investigated  increase  of  the 
rate  of  combustion  the  heat  loss  in  CO  has  increased  2  per  cent  and 
the  unaccounted-for  loss  has  increased  3.5;  the  probability  has  also 
been  pointed  out  that  the  increase  in  the  unaccounted-for  loss  was 
due  to  unconsumed  combustible  gases  and  tar  vapors.  Assuming 
the  radiation  loss  to  be  5  per  cent  and  constant  for  all  rates  of  com- 
bustion, by  subtracting  this  5  per  cent  from  the  unaccoimted-for 
loss  we  have  a  remainder  showing  the  loss  due  to  unconsumed 
hydrogen  and  hydrocarbons  to  be  represented  by  the  corrected  flue- 
gas  temperature  curve.  This  remainder  is  3  per  cent  at  the  19-po\md 
rate  of  combustion  and  6.5  per  cent  at  the  29-pound  rate  of  com- 
bustion. The  increase  is  about  the  same  as  is  shown  by  the  CO  curve. 
It  should  be  stated  here  that  CO  in  the  flue  gases  should  be  consid- 
ered as  an  indication  of  other  losses  due  to  incomplete  combustion. 

Steaming  tests  made  by  the  Geological  Survey  with  other  coals 
have  shown  the  same  relation  between  the  CO  loss  and  the 
unaccounted-for  loss,  indicating  that  these  two  losses  rise  and  fall 
together  and  that  the  variable  part  of  the  unaccounted-for  loss  is  the 
loss  due  to  incomplete  combustion. 

The  showing  of  figure  5  may  be  smnmed  up  as  follows:  As  the 
rates  of  combustion  'increase  from  19  to  29  pounds  the  efficiency 
drops  from  63  to  57  per  cent,  a  drop  of  6  per  cent.  About  5  per  cent 
of  this  drop  can  be  accounted  for  by  incomplete  combustion  as  shown 
by  curves  5  and  6,  and  1  per  cent  by  incomplete  absorption  of  heat 
by  the  boiler.  In  other  words,  of  the  total  drop  in  efficiency  about 
5  per  cent  is  probably  due  to  lower  furnace  efficiency  and  1  per  cent 
to  lower  true  boiler  efficiencv. 

EFFECT   OF   MOISTURE    IN   COAL. 

The  coals  burned  during  the  tests  reported  in  this  bulletin  con- 
tained very  nearly  the  same  percentage  of  moisture,  so  that  the  effect 
of  moisture  in  coal  on  the  economy  of  the  operation  of  the  steam- 
generating  apparatus  can  not  be  deduced  from  the  results  of  these 
tests.  It  is  known  that  the  presence  of  a  small  percentage  of  mois^ 
ture  may  help  the  combustion  enough  to  neutralize  its  tendency  to 
reduce,  by  its  high  latent  and  specific  heat,  the  temperature  of  the 
products  of  combustion;  but  if  the  moisture  exceeds  certain  limits 
the  reduction  in  temperature  outweighs  the  advantages  in  combus- 
tion which  may  possibly  be  gained  by  its  presence,  and  the  economic 
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eflBciency  of  operation  of  a  steam  plant  is  lowered  with  every  increase 
of  moisture^  in  the  coal.  Just  what  percentage  of  moisture  in  coal  is 
beneficial  in  burning  the  coal  under  a  boiler  is  at  the  present  state  of 
knowledge  on  this  subject  impossible  to  say.  It  xmdoubtedly  varies 
with  different  coals.  The  treatment  of  this  subject  in  this  report 
relates  only  to  the  cooling  effect  of  the  moisture  in  coal  on  the  prod- 
ucts of  combustion. 

^  Heat  flows  of  its  own  accord  only  from  hot  bodies  to  cold  bodies; 
therefore  only  that  portion  of  the  heat  in  the  products  of  combustion 
which  is  above  the  temperature  of  the  water  in  the  boiler  can  be 
absorbed  by  the  water.  That  portion  of  the  heat  in  the  products  of 
combustion  which  is  below  the  temperature  of  the  water  in  the  boiler 
is  not  available  for  making  steam.  It  follows  that  such  condition  of 
coal  and  such  methods  of  burning  it  as  will  evolve  the  maximum 
amount  of  the  heat  in  coal  at  a  temperature  above  that  of  steam  and  a 
minimum  of  heat  below  that  temperature  will  give  the  best  results 
under  a  steam  boiler.  The  harmful  effect  of  excessive  moisture  in  coal 
on  steam-boiler  operation  is  due  to  the  fact  that  a  large  part  of  the  heat 
held  by  the  moisture  is  below  the  temperature  of  the  water  in  the  boiler 
and  hence  is  not  available  for  making  steam.  This  can  be  illustrated 
by  a  specific  example. 

Suppose  a  boiler  operates  under  a  pressure  corresponding  to  steam 
temperature  of  350°  F.  (about  135  pounds,  absolute),  that  the  tem- 
perature of  the  product  of  combustion  is  2,000°  F.,  and  that  the  tem- 
perature of  the  atmosphere  is  70°  F.  Under  these  conditions  1  pound 
of  moisture  in  the  products  of  combustion  contains  heat  units  below 
the  temperature  of  the  water  in  the  boiler  (and  hence  not  available  for 
absorption  by  the  boiler),  as  follows:  Below  the  boiling  point 
(212°-70°),  142  B.  t.  u.;  latent  heat  of  steam,  965  B.  t.  u.;  superheat- 
ing steam  to  350°  F.  (350°-212°)  0.48,  66  B.  t.  u.— making  a  total  of 
1,173  B.  t.  u.  The  heat  units  in  this  pound  of  moisture  above  the  tem- 
perature of  the  water  in  the  boiler  (and  hence  available  for  absorption) 
are  (2,000°-350°)  0.48  =  792  B.  t.  u. 

These  figures  show  that  the  larger  part  of  the  heat  in  the  moisture 
is  not  available  for  making  steam.  In  fact,  the  moisture  in  coal  and 
the  moisture  formed  by  burning  the  hydrogen  of  coal  are  equivalent 
to  a  small  boiler  placed  in  the  furnace  and  making  steam  equal  in 
weight  to  the  moisture  passing  out  of  the  furnace,  thus  absorbing  that 
amount  of  heat  before  the  main  boiler  gets  a  chance  to  absorb  it. 

In  coals  having  high  moisture  content,  such  as  the  lignite  used  during 
the  tests  reported  in  this  bulletin,  the  heat  required  to  evaporate  the 
moisture  is  taken  from  the  highest  temperature  of  the  products  of 
combustion,  thereby  reducing  the  heat  available  for  absorption  by  the 
boiler  and  thus  reducing  the  useful  effect  of  the  coal.  This  is  shown 
in  figure  6,  illustrating  the  results  of  test  4,  in  burning  coal  with  vary- 
ing supplies  of  air.    The  coal  used  during  test  4  contained  44.26  per 
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cent  of  moisture.  Calculations  were  made  on  the  basis  of  1  pound  of 
combustible;  moisture  fonned  by  the  burning  of  hydrogen  was  added 
to  the  moisture  in  coal.  Specific  heat  of  water  was  taken  as  1 ;  latent 
heat  of  steam  as  965;  specific  heat  of  steam  as  0.48,  constant  at  all 
temperatures;  and  specific  heat  of  the  gaseous  products  of  combustion 
as  0.24,  constant  at  all  temperatures.  The  heat  value  of  1  pound  of 
combustible,  determined  by  calorimeter,  was  11,567.  The  same  cal- 
culations were  made  for  coal  with  the  moisture  reduced  to  20  per  cent 
and  for  coal  chemically  dry.  In  all  computations  it  was  assumed  that 
the  combustible  was  completely  burned,  a  condition  which  in  practice 
would  be  difficult  to  obtain,  especially  with  the  low  supply  of  air. 
The  curves  end  at  a  point  where  the  air  supply  is  10  pounds,  which  is 
near  the  theoretical  minimum  air  supply  with  sufficient  oxygen  for 
complete  combustion. 

Curves  1, 2,  and  3  should  be  studied  in  connection  with  the  scales  at 
the  left  and  at  the  bottom  of  the  figure.  They  show  what  theoretically 
maximum  temperatures  can  be  obtained  with  each  air  supply.  Curve 
3  gives  the  temperatures  for  coal  having  44.26  moisture;  curve  2  gives 
the  temperature  of  the  coal  with  the  moisture  reduced  to  20  per  cent; 
curve  1  gives  the  temperature  of  the  coal  containing  no  moisture  at 
all.  Each  of  these  curves  shows  that  the  temperature  rises  rapidly  as 
the  air  supply  is  reduced.  In  practice  this  rise  would  not  be  so  rapid, 
because  as  the  air  supply  is  reduced  the  combustion  would  be  less 
complete  and  only  part  of  the  heat  in  the  coal  would  be  liberated;  the 
temperature  of  the  products  of  combustion  would  consequently  be 
more  or  less  lower  than  that  indicated  by  the  curves  in  the  figure,  the 
completeness  of  combustion  depending  on  the  fitness  of  the  furnace  to 
bum  this  kind  of  coal  and  on  its  manipulation.  The  three  curves 
collectively  show  that  for  each  20  per  cent  reduction  in  moisture  the 
temperature  of  the  products  of  combustion  with  the  same  supply  of 
air  rises  from  200**  to  500°  F. 

Curves  4,  6,  and  6  of  figure  6  should  be  studied  in  connection  with 
the  upper  scale  at  the  right  and  the  scale  at  the  bottom  of  the  figure. 
These  curves  show  how  much  of  the  heat  is  above  temperature  350°  F., 
^en  1  pound  of  combustible  is  burned  with  varying  air  supply,  indi- 
cating the  amount  of  heat  available  for  a  boiler  operating  under  a 
water  temperature  of  350°  F.  Curve  6  shows  this  relation  for  the  coal 
containing  44.26  per  cent  moisture;  curve  5  for  coal  with  the  moisture 
reduced  to  20  per  cent,  and  curve  4  for  coal  with  no  moisture.  The 
amount  of  gain  in  the  available  heat  when  the  moisture  is  reduced  is 
shown  by  curves  7  and  8,  which  together  with  curve  9  should  be  studied 
in  connection  with  the  lower  scale  at  the  right  and  the  scale  at  the 
bottom  of  the  figure.  Curve  8  shows  the  higher  percentage  of  the 
total  heat  of  the  combustible  which  is  made  available  for  the  boiler 
by  reducing  the  moisture  from  44  to  20  per  cent.  Curve  7  shows  how 
much  more  heat  could  be  made  available  with  the  coal  chemically  diy • 

56007^— Bull.  2—10 ^3 
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Figure  6.— Curves  showing  relation  of  the  temperature  of  the  products  of  combustion  to  the  weight  of  air 
used  to  bum  1  pound  of  combustible;  1,  for  lignite  chemically  dry;  2,  for  lignite  containing  20  per  cent 
moisture;  3,  for  lignite  containing  44  per  cent  moisture.  Heat  available  for  boiler  in  burning  1  pound  of 
combustible  of  lignite:  Curve  4,  with  moisture  previously  driven  off;  curve  5,  with  moisture  reduced  to  20 
per  cent;  curve  6,  with  44  per  cent  moisture.  Curve  7  shows  gain  of  conditions  of  curve  4  over  omdltions 
of  curve  6.  Curve  8  shows  gain  of  conditions  of  curve  5  over  conditions  of  curve  6.  Curve  0  shows  gain  or 
loss  when  less  or  more  than  15  pounds  of  air  is  used  to  bum  1  pound  of  combustible.  Curve  10  showi 
peroentage  of  COi  in  th«  flue  gases  under  varying  air  supply. 
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The  curves  show  that  by  drivmg  off  24  per  cent  of  the  moisture  before 
buroing  the  coal  5  per  cent  more  of  the  total  heat  of  combustible 
could  be  made  available  to  the  boiler,  and  that  if  the  moisture  were 
entirely  driven  off  before  burning  the  coal  the  heat  available  for  the 
boiler  would  be  increased  by  9.5  per  cent. 

All  the  tests  reported  in  this  bulletin  were  run  with  about  15 
poimds  of  air  per  pound  of  combustible.  Curve  9  indicates  how 
much  more  heat  could  be  made  available  if  the  air  supply  were  reduced 
below  15  pounds,  provided  the  completeness  of  combustion  would 
not  be  lowered  The  curve  also  indicates  the  decrease  in  the  heat 
available  if  the  air  supply  were  increased  beyond  15  pounds.  The 
curve  passes  through  zero  point  at  the  air  supply  equal  to  15  pounds; 
increase  in  heat  available  for  boiler  is  shown  above  the  zero  line, 
decrease  in  available  heat  below  the  line.  It  is  shown  that  by 
decreasing  the  air  supply  to  almost  the  theoretical  minimum  only 
about  3.5  per  cent  more  heat  could  be  made  available  for  the  boiler. 
It  is  doubtful  whether  in  practice  anything  could  be  gained  by 
reducing  the  air  supply  much  below  15  pounds  of  air,  because  more 
heat  would  probably  be  lost  by  the  incomplete  combustion  resulting 
from  insufficient  supply  of  oxygen. 

Curve  10  should  be  studied  in  connection  with  the  lower  scale 
at  the  left  and  the  scale  at  the  bottom  of  the  figure.  The  curve 
shows  the  approximate  percentage  of  CO,  in  the  flue  gases  under  vary- 
ing air  supply  Thus  when  15  pounds  of  air  per  pound  of  combustible 
are  used  the  flue-gas  analysis  will  show  about  1 1  per  cent  of  CO,. 

Figure  7  shows  the  effect  of  moisture  in  coal  on  the  temperature 
of  the  products  of  combustion,  the  heat  available  for  boiler,  and  the 
heat  not  available  for  boiler,  when  coal  is  burned  with  a  constant 
supply  of  15  pounds  of  air  per  poimd  of  combustible,  assuming  that 
all  the  combustible  bums  perfectly. 

Curve  1,  to  which  the  scales  at  the  right  and  bottom  of  the  figure 
apply,  shows  the  relation  of  the  percentage  of  heat  available  for  the 
boiler  to  the  percentage  of  moisture  in  coal.  Thus,  when  the  moisture 
in  coal  is  44  per  cent,  only  76  per  cent  of  the  total  heat  of  coal  can 
possibly  be  made  available  for  the  boiler;  at  0  moisture  the  avail- 
able heat  rises  to  86.5  per  cent. 

Curve  2,  to  which  the  scales  at  the  left  and  bottom  of  the  figure 
apply,  shows  the  relation  of  the  temperature  of  the  products  of  com- 
bustion to  the  percentage  of  moisture  in  coal.  The  indication  is  that 
as  the  moisture  decreases  from  44  per  cent  to  0  the  temperature 
of  the  products  of  combustion  rises  from  2,350°  to  2,850°  F. 

Curves  3,  4,  and  5  should  be  interpreted  by  the  scale  at  the  right. 
Curve  3  gives  the  total  percentage  of  heat  in  the  products  of  com- 
bustion unavailable  for  the  boiler;  that  is,  the  heat  which  is  below 
the  temperature  of  the  water  in  the  boiler.  Curve  5  gives  the  per- 
centage of  unavailable  heat  which  is  in  the  dry  gaseous  product  of 
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FiouRB  7.— Curves  showing  effect  of  moisture  when  15  pounds  of  air  are  used  to  bum  1  pouad  of  combustible: 
1,  on  the  percentage  of  heat  available  for  boiler;  2,  on  temperature  of  products  of  combustion;  3,  on  the 
poxxntage  of  heat  unavailable  for  boiler;  4,  on  the  percentage  of  heat  unavailable  (curve  3)  less  that  held 
by  the  free  moisture  in  coal;  5,  on  the  percentage  of  heat  that  is  unavailable  and  is  contained  in  dry  gases. 
The  difference  between  the  ordinates  of  curves  4  and  6  gives  the  unavailable  heat  held  in  the  moisture 
formed  by  the  burning  of  the  hydrogen  of  coaL 
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combustion.  As  the  computation  for  figure  7  is  made  for  a  constant 
15-pound  supply  of  air,  the  percentage  of  heat  unavailable  in  the 
gases  is  constant  for  all  moistures.  The  difference  between  the 
ordinates  of  curves  5  and  4  gives  the  imavailable  heat  held  in  the 
moisture  formed  by  the  burning  of  the  hydrogen  of  coal.  The  differ- 
ence between  the  ordinates  of  curves  4  and  3  gives  the  unavailable 
heat  held  by  the  free  moisture  in  coal.  It  is  apparent  from  the  figure 
that  at  the  high-moisture  end  much  more  unavailable  heat  inheres  in 
the  combined  moistures  than  in  the  dry  products  of  combustion. 

Table  4  gives  the  calculated  values  of  heat  available  and  unavail- 
able for  the  boiler  when  burning  the  coal  of  test  4  with  four  different 
supplies  of  air  and  also  four  different  moisture  contents.  The  amount 
of  heat  is  expressed  in  percentage  of  the  total  heat  in  the  coal. 
Heat  above  350^  F.  is  taken  as  available  whether  in  dry  gases  or  in 
moisture;  the  imavailable  is  the  heat  below  this  temperature.  The 
unavailable  heat  is  separated  into  two  parts,  the  imavailable  heat 
in  dry  gases  and  that  in  the  moisture,  the  latter  being  the  sum  of 
the  moisture  in  coal  and  the  moisture  formed  by  burning  the  hydro- 
gen of  the  coal.  In  the  table  each  vertical  column  gives  the  per- 
centages of  heat  for  the  same  moisture  in  coal,  but  with  different 
air  supply.  The  l^st  column  imder  the  heading  **no  moisture," 
shows  that  the  unavailable  heat  in  moisture  is  4.4  per  cent,  which 
is  the  heat  in  the  moisture  formed  by  the  bumiug  of  the  hydro- 
gen of  coal;  this  moisture  can  not  be  avoided  under  any  circum- 
stanced. The  table  shows  clearly  that  so  far  as  unavailable  heat  is 
concerned  44  per  cent  of  moisture  in  coal,  in  addition  to  the  moisture 
formed  by  burning  hydrogen,  is  more  harmful  than  20  pounds  of  dry 
gas;  also  that  more  heat  is  made  available  in  using  15  pounds  of  air 
per  pound  of  combustible  when  moisture  is  reduced  to  20  per  cent, 
than  in  using  the  theoretical  minimum  supply  of  air  when  the  moisture 
is  kept  at  44  per  cent. 

Table  4. — Calculated  values  of  heat  in  coal(^  available  and  unavailable  for  boiler  under 

varying  coTutUions  of  air  supply  and  moisture. 


Moisture  In  coal  (percent). 

Weight  of 
air  used  to 

44 

so 

10 

No  moisture. 

bamlpoand 
ofoombus- 

tible 
(pounds). 

Heat 
avail- 
able for 
boiler. 

Unavailable 
heat  in— 

Heat 
avail- 
able for 
boiler. 

Unavailable 
heat  in— 

Ueat 
avail- 
able for 
boiler. 

Unavailable 
beat  in— 

Heat 
avail- 
able for 
boiler. 

Unavailable 
heat  in— 

Dry 

Moist- 
ure. 

Dry 
gases. 

Moist- 
ure. 

Gases. 

Moist- 
ure. 

Gases. 

Moist- 

UFA. 

10 

79.0 
77.0 
74.1 
71.2 

0.3 

0.2 

12.1 

16.0 

las 

13.8 

las 

13.8 

85.0 
82.1 
79.2 
70.3 

6.3 

9.2 

12.1 

15.0 

&7 
&7 
8.7 
&7 

87.1 
84.2 
81.3 
7&4 

6.3 

9.2 

12.1 

15.0 

6.6 
6.6 
6.6 
6.6 

89.3 
86.4 
83.5 
80.6 

6.3 

9.2 

12.1 

15.0 

4.4 

15 

4.4 

90 

4.4 

25 

4.4 

«  The  amount  of  heat  Is  expressed  as  a  i)eroentage  of  the  total  heat  in  the  coal. 
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On  test  4  the  coal  was  burned  with  approximately  15  pounds 
.  of  air  per  pound  of  combustible,  and  it  contained  44.26  per  cent  of 
moisture.  Table  4  shows  that  if  all  the  combustible  was  burned  per- 
fectly only  77  per  cent  of  the  total  heat  in  the  coal  could  possibly  be 
made  available  for  the  boiler.  The  gas  analysis  and  the  heat  balance 
show,  however,-  that  the  combustible  was  not  burned  perfectly  and 
that  about  5  or  6  per  cent  of  the  heat  in  coal  was  not  developed  in  the 
furnace.  This  loss  through  incomplete  combustion  reduces  the  heat 
available  to  boiler  to  about  71  or  72  per  cent.  Furthermore,  part  of 
the  heat  developed  in  the  furnace  was  radiated  away  through  the  walls 
and  especially  through  the  numerous  cast-iron  doors  in  the  furnace 
and  boiler  setting.  Probably  a  fair  estimate  of  this  loss  by  radiation 
is  about  3  per  cent.  Deducting  this  loss  from  the  amount  of  heat 
available  leaves  only  about  69  per  cent  of  the  total  heat  in  the  coal 
which  is  really  available  for  the  boiler.  No  boiler  ever  built  absorbs 
all  the  heat  that  is  available  for  absorbtion;  that  is,  no  boiler  ever 
reduces  the  temperature  of  the  furnace  gases  to  the  temperature  of  the 
steam  in  the  boiler.  In  the  case  of  the  boiler  under  consideration, 
the  gases  left  the  heating  surface  from  200°  to  300°  F.  higher  than  the 
temperature  of  the  steam  in  the  boiler.  Assuming  that  the  true 
boiler  eflSciency  of  this  particular  boiler  was  90  per  cent,  which  esti- 
mate is  rather  high,  the  heat  actually  absorbed  by  the  boiler  is  reduced 
to  69  X  0.90 =62.1  per  cent.  Further  loss  of  heat  after  being  absorbed 
occurs  by  radiation  from  the  boiler  proper  through  the  heads  of  the 
drum  and  through  the  thin  brick  covering  on  top  of  the  steam  drum. 
If  this  loss  is  assumed  to  be  2  per  cent  the  heat  carried  away  in  steam 
would  be  reduced  to  60  per  cent  of  the  heat  in  the  coal.  Ttds  is  about 
the  average  actually  obtained  during  the  present  series  of  tests. 

Even  if  the  incompleteness  of  combustion  were  reduced  to,  say, 
2  per  cent,  which  would  be  considered  an  unusually  good  result,  the 
corresponding  figures  would  be  as  follows:  Heat  available  as  gener- 
ated in  furnace,  77  —  2  =  75  per  cent;  heat  actually  available  after 
radiation  loss  from  furnace,  75  —  3  =  72  per  cent;  heat  absorbed  by 
boiler,  72X0.90  =  64.8  per  cent;  heat  carried  away  in  steam,  64.8  — 
2  =  63  (about)  per  cent. 

Even  should  the  air  supply  be  reduced  to  nearly  its  theoretical 
minimum,  the  efficiency  could  not  be  raised  very  much.  Thus,  sup- 
posing it  were  possible  to  bum  the  coal  with  10  pounds  of  air  per 
pound  of  combustible,  and  estimating  the  loss  through  incomplete 
combustion  at  only  2  per  cent,  the  corresponding  COj  content  of  the 
flue  gases  would  be  about  17  per  cent.  For  these  conditions  the  next 
efficiency  would  be:  Calculated  maximum  available  heat  (Table  4), 
79.9  per  cent;  heat  actually  made  available  in  furnace,  79.9  — 2 « 
77.9  per  cent;  heat  actually  available  for  boiler  after  radiation  loss, 
77.9-3  =  74.9  per  cent;  heat  absorbed  by  boiler,  74.9 X 0.90  =» 67.4 
per  cent;  heat  carried  away  in  steam,  67.4  —  2  =  65.4  per  cent. 
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Tliese  calculations  are  only  approximate,  but  they  show  what  can 
be  expected  from  this  coal  when  used  for  steaming  purposes. 

The  above  calculated  figures  expressing  the  heat  carried  away  in 
steam  should  be  compared  with  the  results  actually  obtained  and 
given  in  colunm  68  (72*)  of  Table  3.  The  tabulated  figures  include 
the  incomplete  combustion  in  the  furnace  but  do  not  include  the 
combustible  lost  through  the  grate.  The  amount  of  loss  through 
the  grate  depends  on  how  often  and  how  much  the  grates  are  shaken, 
and  may  amount  to  several  per  cent.  Upon  comparison  of  the  calcu- 
lated results  with  those  of  Table  3,  it  must  be  admitted  that  the 
results  obtained  during  the  tests  herein  reported  are  very  good 
indeed;  in  fact  they  are  as  good  as  those  obtained  in  many  plants 
using  the  best  of  coal. 

ooMPosrriON  of  flue  gas. 

COMPARISOir  OF  SAMPLES. 

Table  5  shows  the  chemical  composition  of  flue  gas,  the  samples  of 
which  were  collected  at  two  different  places  in  the  boiler  setting. 
The  left-hand  half  of  the  table  gives  the  composition  of  gas  collected 
through  the  regular  flue-gas  sampler  (described  on  p.  10)  which  was 
located  in  the  uptake.  The  right-hand  half  of  the  table  gives  the 
composition  of  gases  collected  through*  a  single  one-fourth-inch  pipe 
inserted  through  a  hole  in  the  lowest  middle  door  in  the  rear  of  the 
boiler  setting.  The  end  of  this  single  sampling  pipe  extended  into  the 
stream  of  the  gases  at  the  turn  from  the  second  to  the  third  nest  of 
boiler  tubes.  The  object  of  taking  gas  samples  in  this  position  was 
to  get  samples  that  would  be  comparable  with  samples  taken  by  the 
engineers  of  the  plant  in  tests  made  the  previous  year,  during  which 
the  same  boiler  was  used. 

Tablb  5. — Comparison  of  composition  of  flue  gas  sampled  in  two  different  posUions. 


Sampler  In  the  uptake. 

Sampler  at  middle  door  in  i 

rear  of  boiler. 

No.  of 
teat 

Time  of 

oollecUng 

ample. 

Constituent  gases  (per  oent). 

Time  of 

collecting 

sample. 

Constituent  gases  (per  oent). 

COi. 

O^ 

CO. 

N,. 

CO*. 

0,. 

CO. 

Nfc 

3.15-  3.46... 

11.4 

8.2 

0 

80.4 

3.30-  3.31... 

13.6 

6.0 

0 

80.4 

n 

4.15-  4.46... 

10.8 

8.4 

.3 

80.8 

4.28-  4.29... 

.     17.8 

.8 

1.2 

80.2 

5.0&-  5.20... 

0.8 

9.6 

0 

80.0 

5.1&-  5.16... 

13.8 

5.6 

0 

80.6 

8.30-  8.60... 

10.6 

8.0 

1 

80.4 

8.40-  9.00... 

15.6 

3.2 

0 

81.2 

•.30-10.00... 

12 

6.6 

.8 

80.6 

9.40-  9.55... 

16.8 

.6 

1.6 

81.0 

12 

10.30-11.00... 

12.2 

5.2 

2.2 

80.4 

10.50-ll.CO... 

15.4 

.2 

8.4 

81.0 

2.00-  2.30... 

11.6 

7.2 

0 

81.2 

2.00-  2.30... 

17 

1.2 

0 

81.8 

3.00-  3.30... 

12.4 

6.2 

0 

81.4 

3.0O-  3.30... 

17.6 

.4 

0 

82.0 

4.05-  4.25... 

12.6 

6.0 

.2 

81.2 

4.05-  4.25... 

17.8 

.6 

.2 

81.4 

11.05-11.30... 

11.4 

7.8 

0 

80.8 

11.05-11.30... 

15.6 

3.0 

0 

81.4 

1.00-  1.20... 

10.2 

0.4 

0 

80.4 

1.00-  1.20... 

14.8 

4.6 

0 

80.6 

14 

2.0O-  2.25... 

12.8 

6.6 

.2 

80.4 

2.0^  2.30... 

17.4 

1.0 

1.0 

8a6 

4.00-  4.30... 

12.8 

6.0 

.8 

80.4 

4.0&-  4.30... 

17.4 

.6 

1.6 

80.4 

1 7.30-  aoo... 

10.2 

9.0 

.2 

80.6 

7..10-  8.00... 

16.0 

2.8 

.4 

80.8 

The  table  shows  that  the  sample  collected  through  the  single  pipe 
ran  2  to  6  per  cent  higher  in  COj  and  2  to  6  per  cent  lower  in  O, 
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than  the  sample  collected  throiigh  the  regular  sampler  placed  in  the 
uptake.  The  CO  content  is  also  higher  in  the  right-hand  half  of  the 
table  than  in  the  left.  There  are  two  causes  for  the  difference  in 
composition  of  the  two  samples. 

(1)  Air  leaks  into  the  setting  and  increases  the  percentage  of  O,, 
decreasing  CO,  by  nearly  the  same  amount.  The  leakage  is  par- 
ticularly large  in  the  last  part  of  the  gas  passage  on  accoimt  of  the 
numerous  accessory  doors  and  the  preheating  coils.  There  are  also 
small  but  nmnerous  openings  around  all  metal  objects  which  are 
bricked  into  the  wall  of  the  setting,  because  of  the  difference  of  con- 
traction and  expansion  of  metal  and  brick  wall  in  response  to  thermal 
changes,  and  the  contraction  of  the  wall  due  to  the  drying  mortar. 
This  leakage  is  especially  large  in  the  last  part  of  the  gas  passage 
because  of  the  pressure  drops  from  the  outside  air  into  the  setting; 
or,  in  other  words,  because  *'the  suction  draft"  is  here  larger  than 
in  any  other  part  of  the  boiler  setting. 

(2)  The  second  cause  of  the  difference  in  gas  composition  is  that 
the  sii^le-tube  sampler  drew  the  sample  only  from  the  central  stream 
of  gases,  which  was  particularly  high  in  COj.  The  sample  thus  taken 
did  not  represent  the  average  gas  composition  of  the  entire  cross 
section  of  the  gas  passage.  Undoubtedly  if  the  gas  sample  taken  in 
the  same  cross  section  had  been  taken  near  the  walls,  it  would  have 
shown  that  the  percentage  of  COj  at  that  place  is  even  lower  than 
the  one  taken  in  the  uptake.  On  account  of  the  construction  and 
location  of  the  sampler  in  the  uptake  the  sample  taken  with  it  repre- 
sented very  nearly  the  average  gas  coinposition  of  that  particular 
cross  section.  As  the  gas  analysis  was  to  be  used  in  the  computation 
of  the  heat  carried  up  the  stack,  the  sample  should  be  taken  just  as 
the  gases  leave  the  heating  plates  of  the  boiler  and  air  preheaters. 
Therefore  the  sampler  was  properly  placed  as  it  was.  On  the  whole, 
the  gas  composition  near  the  stack  is  good,  except  that  occasionally, 
perhaps,  the  CO  runs  too  high  for  good  economy. 

GAS  ARALTSIB  AS  A  HELP  DT  OPXBATZVG. 

The  semigas-producer  furnace  with  which  these  tests  were  made 
is  rather  delicate  in  its  operation.  Sometimes  the  least  change  of 
the  air  supply  through  the  bridge  wall  or  the  air  pressure  in  the  ash 
pit,  or  even  the  condition  of  the  fuel  bed  may  result  in  high  CO  in 
the  flue  gases,  indicating  incompleteness  of  combustion.  On  a  dry, 
clear  day  this  incompleteness  of  combustion  might  be  detected  by  a 
careful  observer  in  the  brownish  color  of  the  smoke  at  the  top  of 
the  stack.  On  a  damp,  cloudy  day,  however,  the  moisture  in  the 
chimney  gases  condenses  at  the  top  or  even  in  the  stack;  the  fog  or 
mist  thus  formed  changes  the  color  of  the  smoke  and  conceals  the 
conditions  within  the  furnace.  The  best  method  of  learning  the 
furnace  conditions  from  time  to  time  is  to  take  a  sample  of  gas  and 
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analyze  it.  The  air  supply  through  the  bridge  wall  and  the  pressure 
in  the  ash  pit  may  be  regulated  as  need  is  shown  by  the  analysis. 

The  function  of  the  fuel  bed  is  to  generate  the  combustible  gas; 
the  function  of  the  space  above  and  beyond  the  bridge  wall  opening 
is  to  bum  this  combustible  gas  after  air  has  been  added.  Now,  if  the 
gas  analysis  shows  that  a  considerable  quantity  of  CO  escapes 
unbumed,  it  is  because  too  much  gas  is  generated  in  the  fuel  bed  for 
the  amount  of  air  supplied  through  the  bridge  wall.  The  remedy  is 
either  to  increase  the  air  supply  by  increasing  the  pressure  in  the 
duct  bringing  the  air  to  the  bridge  wall  openings  or  to  reduce  the 
rate  of  gas  generation  in  the  fuel  bed  by  reducing  the  pressure  in  the 
ash  pit;  or  both  methods  may  be  used  together.  Again,  if  the  gas 
analysis  shows  high  O,  and  no  CO,  too  much  air  is  used  to  bum  the 
gases,  the  result  being  that  the  temperature  of  the  products  of  com- 
bustion is  low  and  less  heat  is  available  for  the  boiler.  The  remedy 
is  either  to  reduce  the  air  supply  by  decreasing  the  pressure  in  the 
air  duct  to  the  bridge  wall  or  to  generate  more  gas  by  increasing 
the  pressure  in  the  ash  pit.  Under  varying  loads  the  two  pressures 
also  have  to  be  varied  in  order  that  the  rate  of  heat  generation  in  the 
furnace  may  correspond  to  the  boiler's  demand  for  steam. 

It  is  impossible  to  determine  in  advance  for  a  given  capacity  or 
rate  of  nrnking  steam  the  pressures  required  in  the  air  duct  to  the 
bridge  wall  and  in  the  ash  pit  to  secure  the  best  results,  because 
the  resistance  of  the  fuel  bed  varies  in  accordance  with  the  amount 
of  ash  and  clinker  accumulated  therein.  With  low  resistance  to  the 
passage  of  air  through  the  fuel  bed  lower  pressure  in  the  ash  pit  will 
generate  gas  at  the  same  rate  as  higher  air  pressure  when  the  resist- 
ance of  the  fuel  bed  is  high. 

The  resistance  of  the  fuel  bed  will  also  vary  with  the  size  of  the 
coal  fired ;  smaller  sizes  of  coal  offer  higher  resistance  to  the  passage 
of  air  than  is  offered  by  large  uniform  sizes.* 

•       FORMATION   OF  CLINKER  IN   THE   FUEL  BED. 

The  ash  of  the  coal  fused  at  a  comparatively  low  temperature,  so 
that  clinker  was  easily  formed  in  the  fuel  bed.  In  selecting  this 
furnace  to  bum  this  particular  coal  it  was  hoped  that  the  solid 
combustible  of  the  coal  could  be  changed  into  gaseous  combustible 
at  low  fuel-bed  temperature,  so  as  not  to  fuse  the  ash,  and  that  the 
gas  could  then  be  burned  in  the  combustion  space  at  high  tempera- 
ture. But  solid  fuel  to  be  gasified  must  be  heated.  Within  certain 
limits  the  richness  of  the  gas  depends  on  the  temperature — the 
higher  the  temperature  the  richer  the  gas.^ 

A  See  Ray,  W.  T.,  and  KreislnKcr,  Henry,  Significance  of  drafts  in  steam  boiler  practice,  Ball.  U.  S.  Oeol. 
Survey  No.  3»7. 

&8ee  Clement,  J.  K.,  Adams,  L.  H.,  and  Haskins,  C.  H.,  essential  factors  In  the  formation  of  prodaoor 
PS,  BnlL  Boreaa  of  Mines  No.  7.  See  also  Temperature  differences  in  fuel  bed,  by  J.  K.  Clement  and 
H.  A.  Grine,  in  Bull.  V.  S.  Geol.  Surrey  No.  383,  pp.  16-26. 
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Even  the  moderate  temperature  at  which  this  furnace  is  operated 
is  sufficient  to  fuse  the  ash  and  form  clinker.  Generally  the  clinker 
begins  to  form  along  the  walls  of  the  furnace  where  enough  air  passes 
along  the  wall  to  burn  the  fuel  completely  instead  of  only  to  gasify 
it,  thus  developing  a  temperature  sufficiently  high  to  fuse  the  ash. 
From  the  walls  the  clinker  grows  toward  the  center  of  the  grate  until 
the  grate  is  entirely  covered  with  a  layer  of  clinkers.  Shaking  the 
grate  usually  helps  but  little;  the  pieces  of  clinker  are  large  enough  to 
extend  over  two  or  three  grate  bars,  and  when  the  bars  are  shaken 
the  clinker  simply  rides  on  top  of  the  bars  and  is  seldom  caught 
between  them  and  made  to  fall  into  the  ash  pit.  When  starting  to 
form  the  clinker  is  usually  fused  to  the  wall  and  therefore  can  not 
be  shaken  through  the  grate.  When  the  grate  is  shaken  there  is 
always  danger  of  shaking  too  much  burning  coal  into  the  ash  pit. 
The  coal  lies  in  very  small  pieces  between  and  on  top  of  the  pieces 
of  clinker,  and  is  easily  sifted  through  the  grate  into  the  ash  pit, 
where  it  burns  and  heats  the  grate  and  the  fuel  bed  above,  thus  help- 
ing to  form  more  clinker.  Apparently  the  best  way  to  rid  the  fuel 
bed  of  clinkers  would  be  to  provide  doors  in  the  front  of  the  furnace 
low  enough  so  that  the  clinker  could  be  easily  removed  by  a  hook  or 
a  hoe.  This  process  of  removing  clinker  if  such  doors  were  provided 
would  keep  the  boiler  out  of  service  for  only  fifteen  to  twenty  min- 
utes during  each  cleaning  at  intervals  of  twelve  to  eighteen  hours. 
The  doors  during  these  tests  were  too  high  above  the  grate  and  it 
was  very  difficult  to  remove  any  clinker  through  them.  The  side 
door,  although  not  so  high  above  the  grate  as  the  front  fire  doors, 
was  unhandy  on  account  of  the  small  space  available  for  handling  the 
fire  tools  between  the  boilers. 

C0NCLT7SI0NS. 

The  combination  of  boiler  and  furnace  setting  described  gives  good 
results  with  the  North  Dakota  lignite.  Steam  can  be  made  with  a 
fuel  efficiency  of  55  to  58  per  cent  of  the  heat  in  the  coaF,  and  no 
difficulty  is  experienced  in  obtaining  the  full  capacity  of  the  boiler. 

These  results  compare  very  favorably  with  the  results  obtained 
in  the  average  plant  using  a  good  grade  of  bituminous  coal  when  the 
heat  available  to  the  boiler  is  considered. 

Little,  if  any,  advantage  is  gained  by  crushing  the  coal  by  hand 
instead  of  in  a  power  crusher. 

To  reduce  the  moisture  in  the  coal  by  weathering  seems  to  improve 
the  economy,  but  these  tests  are  not  sufficient  in  number  to  determine 
definitely  the  condition  of  the  fuel  and  the  time  required  for  weather- 
ing to  insure  the  best  results. 

The  steam  blower  for  the  ash  pit  is  inefficient,  and  there  is  no  gain 
in  supplying  superheated  steam  to  it.  A  considerable  saving  in  steam 
and  equally  good  results  could  probably  be  obtained  by  substituting 
for  the  steam  blower  a  fan  such  as  is  commonly  used  for  forced  draft. 
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THE  COKE  INDUSTRY  OF  THE  UNITED  STATES  AS 

REUTED  TO  THE  FOUNDRY. 


By  RiCHABD  MOLDENKE. 


INTRODUCTION. 

The  investigations  carried  on  at  the  fuel-testing  plant  of  the 
United  States  Geological  Survey  at  St.  Louis  in  1904-1907  included 
tests  of  the  steaming  and  gas-producing  qualities  of  many  coals  and 
of  the  possibility  of  their  improvement  by  briquetting,  together  with 
washing  and  coking  tests  and  tests  of  some  of  the  resulting  coke  in 
the  cupola.  These  tests  were  part  of  a  general  inquiry  into  the  man- 
ner of  utilizing  most  efficiently  each  of  the  coals  under  investigation. 

The  equipment  used  in  the  cupola  tests  of  coke,  the  manner  of 
conducting  the  tests,  and  the  essential  results  have  been  described  in 
publications  of  the  Geological  Survey,**  and  only  the  more  important 
conclusions  to  be  drawn  from  the  tests  are  mentioned  in  the  following 
pages.  The  tests  were  made  to  show  the  fitness  of  the  cokes  for 
foundry  purposes,  but  an  incidental  result  was  to  show  foundry  men 
and  the  coke  producers  the  advisability  of  studying  the  conditions 
of  foundry  practice.  The  present  bulletin,  published  by  the  Bureau 
of  Mines  because  the  analyzing  and  testing  of  fuels  have  been  trans- 
ferred from  the  Geological  Survey  to  the  Bureau  of  Mines,  briefly 
reviews  the  status  of  the  coke  industry,  some  features  of  practice  in 
the  use  of  coke  in  the  foundry,  the  probable  happenings  of  a  cupola 
heat,  and  the  reasons  for  modifying  charging  practice  so  that  a 
particular  coke  can  be  used  to  best  advantage. 

COKE- MAKING  INDUSTRY. 

WASTES  IN  COKE  MAKING. 

Probably  in  no  other  industry,  unless  in  the  mining  of  coal  itself, 
is  there  so  much  waste  as  in  the  manufacture  of  furnace  and  foundry 
coke.  A  study  of  all  the  coke-making  districts  of  this  country  and  a 
comparison  of  the  methods  used  are  most  convincing  in  this  respect. 

•Prof.  Paper  48,  pt.  3,  and  Bull.  8S6. 
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Particularly  unfortunate  is  the  fact  that  this  waste  is  in  most 
instances  deliberate,  the  more  economical  method,  being  well  known 
to  those  most  iiiterested.  One  cause  for  this  condition  is  the  con- 
servatism of  the  trade,  old  methods  being  followed  blindly,-  regardless 
of  improvement  elsewhere.  Another  cause  is  the  necessity  of  util- 
izing the  enormous  investments  in  coke  ovens,  a  change  meaning  the 
wiping  out  of  millions  of  dollars  of  capital. .  Furthermore,  the  cost 
of  the  old  ovens  as  compared  with  the  elaborate  by-product  installa- 
tions is  comparatively  low,  and,  finally,  there  is  ignorance  in  the 
foundry  industry  in  regard  to  cupola  practice.  All  these  causes 
combined  have  kept  progress  in  coke  making  far  behind  as  compared 
with  the  advances  made  in  other  industries. 

For  example,  in  1907  nearly  62,000,000  tons  of  coal  were  charged 
into  coke  ovens,  yielding  more  than  40,500,000  tons  of  coke.  Roughly, 
therefore,  more  than  21,500,000  tons  of  the  richest  part  of  the  coal 
were  driven  off.  The  probable  loss  involved  in  present  coking  prac- 
tice has  been  analyzed  by  E.  W.  Parker,*  from  whose  statement  the 
following  figures  are  taken : 

• 

Coke  production,  1901. 


• 

• 

Coalnaed. 

Coke  produced. 

Quantity. 

Value. 

Quantity. 

Value. 

Beehl  ve  ovenB  ....I 

Tmu. 
64,485,622 
7,400,687 

856.956,008 
16,874,480 

TbiM. 
85,171,666 
6,607,879 

$89,878,909 

Retort  oveiui 

21,605,167 

61,M8,10» 

72,880,488 

40,779,644 

111,689,126 

The  total  value  of  the  by-products  from  the  retort-oven  coke  was 
$7,548,071.  If  it  is  assumed  that  the  coal  coked  in  beehive  ovens  was 
similar  to  that  coked  in  retort  ovens,  and  that  the  prices  obtainable 
for  recoverable  by-products  would  not  have  been  less  than  80  per  cent 
of  the  average  prices  for  1907,  the  value  of  the  recoverable  products 
wasted  that  year  amounted  to  $44,000,000,  or  nearly  80  per  cent  of 
the  value  of  the  coal  actually  used  in  beehive  ovens. 

If  it  is  assumed  further  that  the  difference  in  value  per  ton  of  the 
beehive  and  the  retort-oven  coke  was  due  only  to  differende  in  freight 
charges  (the  beehive  ovens  being  mostly  near  the  mines,  the  retort 
ovens  near  large  cities) ,  the  total  value  of  the  1907  output  of  beehive- 
oven  coke  (54,485,522  tons)  if  made  in  retort  ovens  close  to  market 
would  have  been  $135,750,000;  this  amount  added  to  $44,000,000, 
the  assumed  value  of  the  recoverable  by-products,  gives  nearly 
$180,000,000.    Deducting  the  difference  in  assumed  value  between 

•  Coal  fields  of  the  United  States,  In  Papers  on  the  conservation  of  mineral  resources : 
Bull.  U.  8.  Gool.  Surrey  No.  804,  1909,  pp.  17-26. 
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the  coal  charged  into  retort  and  into  beehive  ovens  ($52,000,000)  from 
the  difference  in  value  of  the  coke  and  by-products  if  the  coal  had 
been  used  in  retort  ovens  ($90,000,000)  the  remainder  is  $38,000,000, 
which  represents  (minus  extra  expense  in  operating  costs,  up-keep, 
interest,  etc.)  the  approximate  net  loss  due  to  beehive-oven  coke 
production  in  1907. 

The  change  from  the  old  wasteful  beehive  oven  to  the  modem 
by-product  plant  will  not  come  very  quickly,  for  it  involves  enor- 
mous investment  as  well  as  a  systematic  development  of  the  markets 
to  take  up  the  tar,  surplus  gas,  ammonia  products,  and  benzol  that 
will  be  made  as  the  newer  installations  are  built.  We  are  far  behind 
Europe  in  this  respect ;  for  if  we  should  seriously  undertake  to  bring 
about  the  use  of  these  by-products  to  the  extent  that  is  logically 
possible,  by  making  creosote,  the  aniline  dyes,  etc.,  there  would  be  no 
further  need  to  bum  tar  under  boilers  to  get  rid  of  it,  and  no  more 
importaticms  of  ammonium  salts,  creosote,  etc. 

Foundry  men  also  are  in  need  of  instruction  regarding  the  use  of 
retort-oven  coke,  which,  though  giving  as  good  results  as  the  best 
Connellsville  of  the  old  days,  requires  freedom  from  prejudice  regard- 
ing its  appearance  until  the  operative  force  of  a  foundry  is  familiar 
with  it  The  excellent  quality  of  the  coke  produced  in  some  parts  of 
the  Connellsville  region  has  probably  been  the  greatest  hindrance  to 
advancement  in  coke  making.  When  going  over  the  best  plants,  one 
can  not  much  blame  the  foundry  man  for  wanting  just  that  kind  of 
coke  and  taking  no  other.  The  coal  from  which  the  best  coke  is  made 
is,  however,  nearly  exhausted,  and  in  order  to  lengthen  the  life  of  the 
mines  it  should  be  mixed  with  poorer  grades,  the  combination  making 
an  equally  useful  coke. 

Another  source  of  waste  to  which  attention  should  be  called  is  the 
coke  breeze.  At  some  of  the  retort-oven  plants  the  breeze  is  systemat- 
ically worked  up  for  special  industrial  purposes.  Thus,  coke  that  is 
too  small  for  the  foundry  goes  to  the  domestic  markets  for  household 
purposes;  but  the  very  fine  material,  corresponding  to  the  cinders 
coming  from  a  locomotive,  is  sold  to  zinc-retort  operators.  Very  little 
is  lost. 

In  the  coke  regions  where  the  old  methods  are  used,  however,  the 
coke  breeze  lies  in  immense  piles,  unless,  indeed,  it  is  burned  as  fast 
as  made,  and  a  considerable  portion  of  the  coal  originally  used  goes 
to  waste  in  this  manner.  Now,  it  is  well  known  that  this  breeze,  often 
brought  into  the  market  for  domestic  purposes  and  known  as  "  cmshed 
coke,''  makes  the  best  kind  of  fuel  for  hot-air  furnaces  in  residences ; 
yet  in  the  regions  where  it  is  made  no  one  seems  to  think  it  worth 
while  to  take  advantage  of  fuel  that  could  be  had  for  the  mere  carting. 
Coal  evidently  is  still  so  cheap  that  the  need  of  a  substitute  is  not  felt. 
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The  coming  advance  in  the  art  of  briquetting  fuel  in  this  country, 
which  will  incidentally  open  a  great  market  for  the  tar  surplus  com- 
plained of  by  some  retort-oven  coke  interests,  should  also  help  to 
solve  the  coke-breeze  problem.  Undoubtedly,  if  this  finely  divided 
coke  is  studied  with  a  view  to  making  it  more  valuable  metallurgic- 
ally — say,  by  the  neutralization  of  sulphur — it  will  some  day  become 
a  factor  of  particular  interest  to  the  foundry  as  well  as  to  the  blast 
furnace. 

All  classes  of  citizens  could  help  to  encourage  less  wasteful  meth- 
ods of  using  coal,  and  our  industrial  experts  in  particular  should 
study  methods  of  economizing  to  the  utmost  extent,  by  improved 
processes  of  manufacture  and  use,  the  resources  that  seem  Ukely 
before  long  to  be  exhausted. 

PBOGESSES  AND  METHODS  OF  COKE  MAEING. 

In  order  to  lay  a  foundation  for  the  later  discussion  of  the  proper 
use  of  coke  in  the  foundry  the  processes  and  methods  of  producing 
coke  must  here  be  briefly  described. 

In  general  coke  is  made  either  by  the  beehive  process  or  in  the 
retort  or  by-product  oven.  In  the  former  process  all  the  volatile 
matter  is  lost  in  the  atmosphere;  in  the  latter  process  the  volatile 
contents,  except  the  gas  used  in  heating  the  ovens,  are  recovered  as 
surplus  gas,  tar,  and  ammonia  liquor  or  ammonium  sulphate. 

In  either  process  the  quality  and  structure  of  the  coke  produced 
depends  on  the  original  composition  of  the  coal  and  on  the  heat 
treatment  it  receives.  Thus  a  coal  high  in  volatile  matter  will 
naturally  make  a  light,  porous  coke,  the  escape  of  the  gases  tending 
to  produce  such  a  structure.  The  yield  of  such  a  coal  will  also  be 
much  less  than  that  of  a  coal  higher  in  fixed  carbon  and  correspond- 
ingly lower  in  volatile.  Coal  of  the  latter  kind  will  make  the  denser, 
heavier  cokes,  which  carry  a  burden  well  and  are  therefore  more 
sought  after  for  melting  purposes,  other  factors  being  equal.  Com- 
bination in  the  by-product  oven  of  the  two  classes  of  coal,  so  as  to 
give  an  average  percentage  of  volatile  matter,  will  .probably  get  the 
best  general  results  in  the  future,  for  coals  of  the  proper  composi- 
tion can  be  brought  from  various  sources  and  can  be  mixed  and  run 
so  as  always  to  give  the  same  grade  of  coke,  the  mixture  doing  away 
with  any  particular  defect  the  coke  might  have  if  made  from  any 
one  of  the  coals.  A  good  structure  can  then  be  combined  in  a  coke 
with  low  sulphur  and  phosphorus  for  the  blast  furnace  or  with  low 
sulphur  and  ash  for  the  cupola,  and  a  mixture  giving  a  light,  porous 
structure  and  a  high  yield  of  by-products  can  be  used  for  domestic 
coke. 

In  the  beehive  oven  the  slack  or  ground  coal  (washed,  if  necessary, 
to  remove  excessive  sulphur  and  slate)  is  dumped  through  the  orifice 
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in  the  roof  and  leveled  off  to  the  desired  depth.  This  bed  may  be 
thin  if  24-hour  coke  is  wanted,  thicker  if  the  run  is  to  be  normal, 
and  heavy  if  72-hour  coke,  left  over  Sunday,  is  to  be  obtained. 
Only  coke  of  this  last  kind  is  supposed  to  go  to  the  foundries. 
They  pay  for  such  coke,  but  as  a  matter  of  fact  the  foundry  ship- 
ments are  composed  of  coke  made  in  twenty-four,  forty-eight,  and 
seventy-two  hours,  special  care  being  taken,  however,  to  select  the 
best  looking  of  each  kind.  Though  foundry  men  are  not  hurt  in  any 
way  by  this  substitution,  as  it  does  not  matter  how  long  the  fuel 
was  in  the  oven  if  it  is  of  proper  composition  and  physical  struc- 
ture, they  should  be  better  posted  on  the  coking  process,  so  that  if 
for  any  reason  the  brand  of  coke  they  regularly  use  can  not  be  had 
the  introduction  of  a  new  one  will  not  demoralize  the  plant. 

The  degree  of  heat,  the  time  of  running  the  oven,  and  the  manner 
in  which  the  air  is  admitted,  of  course,  have  a  great  effect  on  the 
physical  structure,  and  wheri^  the  longest  time  is  allowed  for  making 
coke  the  results  are  apt  to  be  best  for  foundry  purposes.  Thus,  during 
the  depression  at  the  close  of  1907  many  ovens  in  the  West  Virginia 
coke  districts  were  run  with  heavy  charges,  the  heat  lasting  a  whole 
week.  The  purpose  was  simply  to  keej>  the  ovens  hot  and  make  little 
tonnage.  Yet  the  coke  turned  out  to  be  exceedingly  hard  and  still 
of  excellent  structure  for  melting  purposes.  On  the  other  hand, 
where  ovens  are  hardly  given  time  to  complete  the  coking  process 
the  product  is  necessarily  soft,  will  be  high  in  volatile  matter,  and 
inferior  even  for  the  blast  furnace. 

The  effect  of  heat  treatment  is  even  more  noticeable  in  the  retort 
oven.  Here  the  coal  in  properly  ground  form  is  dropped  into  the 
large  retorts  or  chambers  and  occasionally  is  stamped  in,  or  it  may 
be  pressed  into  cakes  and  forced  in  from  the  end.  The  oven  is  tightly 
closed,  the  heat  being  supplied  through  flues  in  the  walls  of  the  oven. 
The  by-products  are  rapidly  given  off,  practically  all  of  them  being 
recovered  during  the  first  two-thirds  of  the  process.  Where  recovery 
of  these  by-products  is  the  primary  object  and  the  quality  of  the  coke 
is  a  aecondary  conaderation  th«  ovens  arc  drawn  as  soon  as  the  point 
of  greatest  economy  has  been  reached  (sometimes  in  fifteen  hours) ; 
the  result  is  poor  coke,  as  many  blast-furnace  men  have  found,  and 
the  result  has  been  a  prejudice  against  retort-oven  coke.  Where, 
however,  coking  is  continued  for  the  full  twenty-four  hours,  or  even 
for  thirty  hours,  the  coke  is  of  very  good  structure,  provided  it  has 
had  proper  attention  and  the  coal  mixture  is  right. 

Consumers  of  retort-oven  coke  should  therefore  make  sure  that 
their  interests  are  regarded  where  it  is  produced ;  such  insistence  has, 
in  fact,  so  worked  out  that,  particularly  in  the  interest  of  foundries, 
certain  l^-product  plants  in  this  country  are  run  on  mixtures  of  coal 
and  under  heat  conditions  that  leave  nothing  to  be  desired. 
60711*"— Bun.  a— 10 — 2 
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The  object  of  this  bulletin  is  not  to  treat  specially  of  coke  making, 
and  it  is  assumed  that  the  reader  is  familiar  with  the  beehive  as  well 
as  the  retort-oven  process.  Another  bulletin,  which  is  in  prepara- 
tion by  the  Bureau  of  Mines,  treats  of  this  subject  exhaustively.  It 
is  well  to  say  here,  however,  that  cokes  of  all  kinds  and  compositions 
can  be  made  by  carefully  mixing  the  coals,  not  all  of  which  need  be 
of  coking  varieties,  and  by  running  the  ovens  with  skill  and  in  ac- 
cordance with  a  definite  programme.  Though  considerable  improve- 
ment has  been  made,  especially  in  the  last  few  years,  in  the  mechan- 
ical part  of  the  beehive  process,  the  method  that  will  ultimately  sur- 
vive must  be  one  providing  for  by-product  recovery;  and  the  sooner 
the  coke  industry  awakes  to  this  fact  the  better  will  it  be  for  all 
concerned; 

USES  OF  COKE.* 

Coke  is  used  in  the  foundry  principally  for  melting  iron.  This* 
process  is  carried  on  almost  exclusively  in  the  cupola,  where  the  coke 
is  in  direct  contact  with  the  metal.  It  is  also  used  for  melting  brass 
and  other  nonferrous  metals  in  crucibles.  Here  the  heat  of  the  burn- 
ing coke  is  imparted  to  the  metal  through  the  walls  of  the  crucible  and 
the  fuel  and  metal  are  not  in  contact.  Finally,  coke  has  a  variety  of 
minor  uses  about  the  foundry — in  fires  for  drying  cores,  heating  build- 
ings, skin-drying  molds,  etc.  Recently  coke  has  been  introduced  with 
great  success  for  firing  boilers  within  city  limits,  as  it  is  smokeless, 
like  anthracite.  For  the  same  reason  it  also  often  replaces  anthracite 
in  the  annealing  rooms  of  the  malleable  foundry. 

COKE  IN  FOUNDRY  MELTING. 

CONSTBUGTION  OF  THE  CUPOLA. 

The- apparatus  used  for  the  cupola-melting  process  is  of  the  sim- 
plest construction.  An  upright  cylinder  of  boiler  plate  is  lined  with 
fire  brick  to  resist  the  high  temperatures  of  the  interior.  The  lower 
end  is  closed  by  hinged  doors  and  made  tight  against  molten  iron 
by  fire  sand  mixed  with  sufficient  clay  to  hold  it.  A  tap  hole  at  the 
lowest  point  of  the  slightly  sloping  bottom  drains  out  the  molten 
metal,  and  perforations  a  little  way  from  the  bottom  allow  air  to  be 
driven  in  to  promote  intense  combustion  of  the  coke.  The  coke  gives 
up  its  heat  of  combustion  to  the  charges  of  iron,  melting  them  down. 
The  niceties  of  the  process  consist  in  the  proper  adjustment  and  shape 
of  the  orifices,  called  tuyeres,  the  pressure  at  which  the  air  is  forced 
in,  the  method  of  charging  the  carefully  proportioned  coke  and  metal, 
and  the  general  handling  of  the  process  to  get  the  best  results. 

CHABOXNG  METHODS. 

In  the  early  times,  when  but  little  was  known  of  the  rationale  of 
the  process,  it  was  found  that  when  a  good  bed  of  either  anthracite 
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coal  or,  later,  coke  was  put  in  the  bottom  of  the  cupola  and  the  top 
of  this  bed  was  a  considerable  height  above  the  tuyeres,  so  that  the 
first  metal  charged  was  at  or  above  the  hottest  part  of  the  fire  when 
the  blast  was.  on,  the  metal  would  melt  and  could  be  tapped  out  and 
poured  into  castings.  It  was  only  necessary  to  keep  on  charging 
metal  and  fuel  together  into  this  fire,  but  in  such  proportion  that  the 
melting  would  proceed  steadily  at  the  rate  shown  by  experience  to 
be  proper  for  the  cupola. 

All  that  later  practice  did  was  to  stop  the  indiscriminate  manner 
of  charging  and  to  separate  metal  and  fuel  into  layers,  so  that  the 
action  would  take  place  with  some  regularity  and  the  mixture  could 
be  changed  for  different  classes  of  work,  and  so  that  the  metals  could 
be  caught  with  some  degree  of  certainty  during  the  melt.  In  view 
of  the  work  of  our  early  foundry  men  it  is  a  question  whether  this 
change  in  practice  has  brought  about  a  real  improvement  in  the 
quality  of  the  castings.  Aside  from  the  achievements  of  foundry 
metallurgy  in  the  light  of  our  present  knowledge,  it  may  be  seriously 
questioned  whether  there  is  much  truth  in  the  general  complaint  of 
foundry  men  that  pig  iron  has  deteriorated  in  the  last  few  decades. 
Pig-iron  men  hold  that  pig  iron  has  improved  and  not  deteriorated, 
and  certainly  modem  blast-furnace  practice  is  vastly  improved,  at 
least  as  to  regularity  in  product.  It  would  seem  rather  that  the 
foundry  man  does  not  get  as  good  results  as  formerly — that  is,  the 
foundry  man  who  has  no  use  for  or  does  not  know  about  the  advan- 
tages of  chemistry — ^because  he  can  not  use  the  pig  iron  as  he  for- 
merly did,  judging  it  by  fracture.  With  the  changes  in  furnace- 
casting  practice  the  appearance  of  the  fracture  is  no  longer  even  a 
reasonably  reliable  guide. 

Fortunately  the  introduction  of  chemistry,  or  rather  metallurgy, 
into  the  foundry  industry  has  done  wonders,  giving  us  the  means  to 
control  our  mixtures  and  start  the  process  right,  whatever  we  do  to 
spoil  it  afterwards.  Hence,  also,  has  developed  the  tendency  in  this 
country  to  test  the  product  not  by  cutting  pieces  out  of  castings,  but 
by  pouring  test  bars  under  conditions  that  give  the  metal  as  melted 
and  poured  into  the  castings  the  freest  and  best  chance  to  show  its 
qualities.  It  still  remains  for  the  foundry  man  to  follow  his  craft 
according  to  his  best  knowledge  and  skill,  so  that  the  castings  shall 
be  the  best  that  can  be  made  with  the  iron  so  tested. 

UNCEBTAINTIES  OF  CUPOLA  MELTING. 

It  is  gradually  coming  to  be  recognized  that  the  metal  charged, 
be  it  ever  so  good,  may  be  affected  by  a  number  of  conditions  during 
the  melting  and  may  turn  out  either  as  a  creditable  product  or  as  a 
very  inferior  one.  This  is  not  to  be  wondered  at.  Melting  depends 
upon  the  transmission  of  heat  from  the  fuel  to  the  metal  at  such  a 
rate  and  in  such  degree  that  the  solid  mass  of  iron  becomes  liquid. 
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Irm  is  not  one  of  tlie  inert  metals,  such  a»  are  uninfluenced  in 
quality  by  the  process  of  melting.  It  would  not  matter  whether  the 
heat  got  into  such  a  metal  slowly  or  quickly,  in  one  hour  or  five ;  so 
long  as  enougji  heat  got  in  to  do  the  melting  the  result  would  be  the 
same.  Iron  is  very  much  affected  by  the  speed  with  which  heat 
above  the  melting  point  is  imparted  to  it.  Furthermore,  gases  made 
intensely  hot  by  the  chemical  action  of  burning  or  oxidising  carbon 
are  also  by  no  means  inert.  A  chemical  reaction  between  unconsumed 
oxygen  and  iron,  silicon,  carbon,  manganese,  etc.,  is  certain  to  take 
place,  for  such  reactions  take  place  most  readily  at  very  high  tem- 
peratures, and  so  the  iron  is  more  or  less  damaged. 

The  rate  at  which  diemlcal  changes  proceed  in  the  cupola,  the 
intensity  of  t2ie  reactions,  and  the  consequent  need  of  keeping  condi- 
tions just  right  throughout  a  heat  are  shown  by  the  fact  that  under 
ordinary  conditions  it  takes  only  one-fortieth  of  a  second  for  a 
molecule  of  the  oxygen  in  the  air  of  the  blast  to  pass  from  a  tuyere 
through  the  incandescent  bed  and  into  that  part  of  the  charge  too  cold 
for  chemical  reactions.  This  brief  interval  is  all  the  time  the  oxygen 
has  to  combine  with  the  carbon  of  the  coke,  and  (under  certain  con- 
ditions) with  some  of  the  manganese,  silicon,  or  carbon  of  the  metal 
charged,  or  with  some  of  the  iron  itself. 

Thus  the  management  of  foundry  melting,  whether  in  the  cupola, 
air  furnace,  or  open  hearth,  becomes  a  continuous  struggle  to  get  the 
valuable  result  of  melting  while  avoiding  the  deleterious  effect  (as 
shown  by  defective  castings)  of  oxidation  of  the  metal. 

It  is  no  wonder,  then,  that  there  are  still  a  few  foundry  men  in 
remote  parts  of  the  world  who  cling  to  the  ancient  but  admirable 
crucible  process,  in  which  fuel  and  metal  are  not  in  contact.  This 
process  minimizes  the  harmful  effects  of  oxidation.  Commercial  rea- 
sons have  practically  eliminated  the  crucible  process  for  plain  cast 
iron,  so  those  foundry  men  who  want  the  highest  grade  of  work  select 
the  air  furnace,  or  hearth  furnace,  as  it  is  often  called,  or  perhaps- 
the  open-hearth  furnace  with  regeneration  of  ttir  and  gas  as  fuel.  In 
each  of  these  processes  the  metal  is  in  contact,  not  with  the  fuel,  but 
only  with  the  gases.  Therefore,  if  the  processes  are  carried  on  prop- 
erly, there  is  a  smaller  chance  for  oxidation  of  the  iron  than  in  the 
cupola;  moreover,  the  metal  as  it  rolls  down  in  little  drops  is  not 
impinged  upon  by  a  current  of  gases  containing  abundant  free  oxygen, 
as  it  is  in  the  cupola. 

These  statements  do  not  mean  that  excellent  metal  can  not  be  made 
by  the  cupola  process — ^metal  that  will  prove  just  as  good  under  test 
as  air-furnace  metal  of  like  composition — ^but  the  chances  are  not  in 
favor  of  such  success;  and  for  the  highest  grade  vf  product,  espe- 
cially if  safety  of  life  and  limb  may  depend  on  it,  such  chances  should 
really  not  be  taken. 
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The  few  points  mentioned  above  are  enough  to  ahow  that  the  melt- 
ing process  in  the  cupola  might  well  be  made  the  object  of  ^wcial 
study,  and  if  the  foundry  man  knows  and  has  the  proper  irons  and 
can  make  the  required  adjustments  in  his  apparatus  'his  study  may  be 
restricted  to  the  coke  (if  that  is  the  fuel)  and  the  manner  in  which 
it  is  allowed  to  act  on  the  metal  to  be  melted. 

ADJTTSTMXKT  OT  P&A.CTXCB  TO  TTTBL. 

The  writer  has  had  a  part  in  the  efforts  of  associated  foundry  men 
from  the  beginning  of  what  may  be  called  the  new  era  of  the  industry. 
He  has  listened  to  many  experiences  related  both  by  veterans  and  by 
men  newer  to  the  business^  All  these  experiences,  including  the 
foaming  of  enormous  quantities  of  the  slag  out  of  the  cupola  doors  on 
the  charging  platform  and  the  disappearance  of  incredible  quantities 
of  metal  during  the  melt,  have  strengthened  his  belief  that  troubles 
laid  to  the  idiosyncrasy  or,  as  some  call  it,  the  '^  innate  cussedness  "  of 
the  cupola  (anyone's  cupola  has  it  when  run  by  someone  else)  could 
really  be  avoided  by  changing  the  melting  program  to  suit  the  fuel 
that  is  used. 

Normal  coke  has  50  per  cent  cell  space  and  has,  pound  for  pound, 
practically  double  the  volume  of  anthracite.  Hence  during  the  melt 
the  downward  movement  of  the  metal  within  the  range  of  the  melting 
zone  must  be  twice  as  fast  when  coke  is  used  as  it  is  with  anthracite. 
Therefore  the  difference  between  the  first  of  the  metal  to  melt  and  the 
last,  with  respect  to  the  influences  to  which  they  have  been  exposed,  is 
greater  for  a  bed  of  coke  as  compared  with  a  bed  of  anthracite  of  like 
weight.  That  is,  the  first  metal  to  melt  is  likely  to  be  the  same  on 
either  the  coke  bed  or  the  bed  of  anthracite,  but  the  last  metal,  espe- 
cially if  the  charge  is  very  heavy,  melts  much  lower  down  in  the 
coke-charged  cupola  and  is  necessarily  subjected  to  greater  oxidizing 
influences,  because  the  blast  low  down  in  the  cupola  contains  more 
free  oxygen.  When  anthracite  is  used  the  part  of  the  bed  where  the 
melting  is  actually  done  varies  least  in  position. 

This  advantage  is  still. retained  by  many  foundry  men  in  the  East, 
where  anthracite,  as  it  is  still  available  and  no  dearer  than  coke,  may 
be  used  for  the  fuel  bed  and  often  mixed  with  coke  in  the  subsequent 
charges,  or  even  used  altogether. 

A  study  of  the  downward  movement  of  the  metal,  as  just  stated, 
is  important,  as  it  suggests  the  way  to  make  use,  in  regular  casting 
practice,  of  practically  every  variety  worthy  of  the  name  of  foundry 
ccke.  Anthracite  and  coke,  being  practically  identical  in  composi- 
tion— ^that  is,  containing  the  same  percentage  of  ash,  fixed  carbon, 
sulphur,  etc.— differ  radically  only  in  physical  structure.  Thus,  if  the 
cell  space  of  a  coke  is  50  per  cent,  as  mentioned  above,  the  coke  has 
twice  the  volume  of  an  equal  weight  of  anthracite.  Now,  not  all 
cokes  have  the  same  cell  space,  and,  moreover,  cokes  differ  in  per- 
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centage  of  ash,  etc.  Hence  a  given  weight  of  coke  varies  greatly  in 
volume,  and  consequently  the  behavior  of  charges  of  iron  melted  with 
it  also  varies.  The  foundry  man  when  changing  his  brand  of  coke 
makes  the  mistake  of  believing  that  the  new  kind  ought  to  be  handled 
in  the  same  way  as  the  old.  It  may  be  possible  to  do  so  if  the  two 
cokes  have  the  same  characteristics,  but  if  they  have  not  the  foundry 
man  is  certain  to  get  differences  in  results,  which  he  usually  ascribes 
to  sulphur,  high  volatile,  black  ends,  and  what  not.  His  coke  dealer 
then  hears  from  him.  This  difficultv  is  so  marked  that  even  when  the 
same  brand  of  coke  is  bought  the  year  round  and  trouble  results, 
investigation  of  the  shipments  often  reveals  substitution  of  coke  from 
different  companies  located  in  the  same  general  region.  Furnaces 
have  this  difficulty  to  contend  with  more  particularly. 

It  is  therefore  highly  important  that  the  foundry  man  get  his  coke 
from  the  same  ovens  and  the  same  coal  mines — in  fact,  have  it  as 
nearly  the  same  as  it  can  possibly  be  made ;  if  a  change  is  desirable 
or  necessary  he  should  be  informed,  so  that  he  can  adjust  his  work 
to  the  changed  conditions. 

In  this  respect  the  retort-oven  coke  has  a  great  advantage.  After 
the  coals  have  been  contracted  for  and  the  proper  mixture  has  been 
established,  the  result  w^ill  continue  to  be  even  as  long  as  the  coking 
process  is  carried  out  uniformly;  and  as  the  highest  scientific  skill 
18  available  at  retort  ovens,  there  should  be  little  variation  from  the 
standard  if  the  management  honestly  wishes  none. 

Another  advantage  of  retort-oven  coke  is  the  size  and  shape  of  the 
lumps.  A  retort  oven  is  narrow,  and  the  coking  of  a  charge  proceeds 
from  the  walls  toward  the  middle;  the  result  is  a  mass  of  coke  that, 
when  quenched,  breaks  into  short,  thick  pieces.  The  absence  of  thin 
fingers  is  decidedly  noticeable.  In  comparison,  the  lumps  orf  standard 
grades  of  beehive-oven  coke  are  generally  longer  and  thinner.  More- 
over, makers  of  retort-oven  coke  have  carefully  sorted  the  product 
before  shipment,  so  that  it  has  contained  little  breeze  and  the  lumps 
have  been  of  good  shape.  The  size  of  the  lumps  of  fuel  in  a  cupola 
charge  has  much  to  do  with  the  progress  of  the  heat,  and  the  absence 
of  thin  fingers  accounts  in  a  measure  for  the  remarkable  success  of 
retort-oven  coke  when  it  was  first  used  in  foundries.  Charges  of  coke 
having  lumps  that  are  uniform  in  shape  and  size  give  results  similar 
to  those  obtained  by  using  anthracite,  which  is  marketed  in  screened 
sizes,  because  the  uniform  sizing  of  the  fuel  permits  an  even  and 
regular  penetration  of  the  bed  by  the  blast. 

In  order  to  adjust  the  process  to  the  varying  character  of  the  coke 
used  for  melting  in  the  cupola,  it  is  necessary  not  only  to  change  the 
melting  conditions,  for  instance,  by  using  a  milder  or  stronger  blast 
according  as  the  coke  is  light  or  heavy,  but  also  to  change  the  relative 
weight  of  the  metal  and  coke  charges  on  the  bed.  A  foundry  man 
^sing  heavy  charges,  though  he  may  not  know  why,  avoids  coke  with 
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a  large  percentage  of  volatile  matter.  Such  coke  is  necessarily 
underbumed  and  light  and  ignites  rapidly,  spreading  the  melting 
through  too  large  a  volume.  Very  light  charges  will  obviate  much  of 
this  trouble,  as  the  bed  of  coke  will  be  kept  more  nearly  uniform  in 
height,  and  the  melting  will  be  done  at  the  proper  point.  A  coke  in 
which  the  volatile  matter  is  too  high  is  virtually  a  gas  coke  and  is 
too  troublesome  for  use  in  the  foundry,  at  least  for  cupola  melting. 
It  will  serve  well  enough  for  all  the  other  purposes. 

Before  the  question  of  charging  is  taken  up  it  will  be  of  interest  to 
review  the  original  tests  made  by  the  United  States  Geological  Survey 
at  St.  Louis,  in  the  exposition  foundry,  where  a  collection  of  cokes 
such  as  never  had  been  got  together  before  was  tested  under  identical 
conditions  of  melting. 

COKE  TESTS  BY  THE  GEOLOGICAL  SUEVEY  AT  ST.  LOUIS. 

METHODS  AND  RESULTS. 

Foundry  men  will  remember  that  several  years  ago  an  elaborate 
series  of  cupola  melting  tests  was  made  at  the  fuel-testing  plant  at 
St.  Louis  on  cokes  made  from  coals  sent  in  from  all  parts  of  the 
country.  These  cokes  were  made  under  the  direction  of  A.  W.  Belden, 
of  the  United  States  Geological  Survey,  and  the  melting  tests  them- 
selves were  made  under  the  direction  of  the  writer,  assisted  by  Mr. 
Belden  as  executive.  By  being  present  at  nearly  every  test,  the  writer 
was  able  carefully  to  gage  the  behavior  of  the  several  cokes  and  to 
determine  their  merits  for  the  foundry.  The  cokes  were  naturally 
selected  for  their  probable  fitness  for  foundry  purposes;  that  is,  those 
having  excessive  sulphur  and  ash  were  barred. 

The  series  of  tables  subsequently  published*  gave  information  of 
direct  value  to  the  owners  of  the  coal  and  demonstrated  many  things 
impossible  to  ascertain  in  ordinary  foundry  practice,  because  no  indi- 
vidual could  afford  to  burn  up  valuable  iron,  even  if  the  time  could 
be  taken  to  do  it. 

Jn  all  about  190  tests  were  made.  Three  thousand  pounds  of  metal 
were  melted  in  each  test.  To  have  uniform  conditions  in  the  coke 
bed  for  each  test  and  at  the  same  time  to  suit  the  average  coke  made, 
the  height  of  the  bed  above  the  tuyeres  was  fixed  at  14  inches  as  the 
standard,  and  this  height  was  kept  for  every  test.  The  upper  tuyeres 
of  the  cupola  were  not  used.  A  melting  ratio  of  7  to  1  was  adopted, 
as  the  diameter  of  the  cupola  was  small.  The  coke  for  the  bed  was 
weighed  and  put  in  up  to  the  proper  point,  as  measured  by  a  weighted 
wire.  The  weight  of  the  several  cokes  for  this  constant  bed  varied 
from  180  to  230  pounds,  showing  a  considerable  range  in  specific 
gravity — from  the  very  light  to  the  heavy  cokes.  , 

•Uoldenke,  Richard;  Belden»  A.  W. ;  and  Delamater,  G.  R.,  Washing  and  coking  tests 
of  coal  and  cupola  tests  of  coke :  Bull.  U.  S.  Qeol.  Survey  No.  336,  1908,  pp.  48-76. 
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Metal  weighing  four  times  this  weight  of  coke  was  charged  on 
this  bed,  to  conform  to  the  general  custom  of  foundries,  and  the 
remaining  successive  charges  of  metal  and  coke  were  divided  into 
four  parts,  so  as  to  preserve  the  total  ratio  of  7  to  1,  the  coke  charges 
varying  from  50  to  62  pounds  and  the  metal  charges  correspondingly. 

The  blast  was  kept  at  about  7  ounces,  and  the  time  when  the  first 
iron  appeared  at  the  spout  was  noted.  This  time,  which  was  five  to 
fifteen  minutes,  was  interesting  as  indicating  how  the  coke  behaved 
in  burning  and  in  allowing  the  iron  to  come  into  the  melting  zone. 
With  the  best  results  the  iron  came  in  seven  to  ten  minutes. 

Necessarily  for  the  extremely  light  and  very  heavy  cokes  such 
melting  practice  would  moan  disaster,  and  in  fact  the  melting  loss  did 
point  very  markedly  to  such  a  result.  Possibly  this  may  also  con- 
vince many  foundry  men  who  still  think  it  impossible  to  burn  up 
iron  in  the  cupola.  The  results  showed  the  melting  losses  to  be  from 
3.2  to  52.5  per  cent  of  the  metal  charged.  The  cupola  was  continually 
slagged  off,  but  in  the  worst  case  so  much  slag  was  made  that  it 
flooded  the  tuyeres  and  effectually  stopped  operations.  When  the 
bottom  was  dropped  no  metal  was  found  remaining.  It  was  evident 
that  the  lighter  varieties  of  coke  burned  away  so  rapidly  that  the 
metal  came  to  the  lower  portion  of  the  melting  zone  much  faster  than 
it  should  have  come.  Moreover,  as  the  original  bed  went  down  un- 
duly for  the  melting  of  the  first  charge  the  subsequent  coke  charges 
did  not  bring  the  bed  up  to  proper  level  again,  and  hence  a  Bessemer- 
izing  of  the  metal  took  place  almost  from  the  very  beginning. 

In  tests  of  the  very  heavy  cokes  it  was  necessary  to  wait  a  good 
while  before  the  bed  had  burned  low  enough  to  begin  melting.  Nec- 
essarily at  the  fixed  ratio  of  4  to  1  the  first  charge  of  metal  on  the 
heavy  coke  bed  was  very  heavy.  In  this  case  also  there  was  an  undue 
lowering  of  the  bed  by  the  heavy  metal  charge  after  the  surplus  coke 
had  burned  off  to  begin  melting.  What  was  worse,  however,  was  that 
the  heavy  coke  bed  took  so  large  a  part  of  the  total  amoimt  to  be  used 
that  the  upper  coke  charges  were  necessarily  very  small,  and  the  prac- 
tical result  was  not  only  burned  metal,  but  an  insufficient  amount  of 
coke  toward  the  end  to  continue  the  heat,  so  that  the  bottom  had  to  be 
dropped.  The  general  result  of  these  heats  with  very  heavy  coke  was 
burned  iron  for  the  beginning  and  unmelted  iron  in  the  cupola  drop. 

It  may  be  seen,  therefore,  that  when  the  melting  process  with  a 
normal  coke  gives  good  results  it  does  not  necessarily  follow  that 
every  other  coke  will  do  likewise ;  yet  this  is  what  the  foundry  man 
practically  assumes  when  he  changes  his  coke  without  making  trial 
heats  to  see  how  to  use  it. 

VALUE  OF  MELTING  TESTS. 

Perhaps  the. custom  that  is  just  beginning  to  be  introduced  into 
this  country  by  coke  companies  of  sending  out  experts  to  teach 
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foundry  men  to  use  their  particular  brands  of  coke  may  obviate 
many  of  these  difficulties.  The  retort-oven  coke  people  were  simply 
forced  to  adopt  this  plan,  the  appearance  of  their  coke  being  so  bad, 
as  compared  with  the  magnificent  Connellsville  product,  that  it  took 
great  argument  to  sell  it  at  all.  It  should  be  understood  that  the 
clean,  silvery  appearance  of  beehive-oven  coke  as  compared  with  the 
dull  black  cast  of  the  retort-oven  product  results  principally  from 
the  manner  of  quenching.  In  the  beehive  the  quenching  is  done 
within  the  oven,  and  as  little  water  as  possible  is  used.  In  the  retort 
oven  the  red-hot  charge  is  forced  out  and  deluged  with  streams  of 
water  as  it  drops  into  the  receptacles  for  the  coke.  Consequently  the 
retort-oven  coke  contains  much  more  water  than  the  beehive  product. 
Tbe  formation  of  steam  in  the  cells  and  the  condensation  and  con- 
sequent drawing  in  of  the  water  seem  to  hold  it  tight  within,  and 
when  once  water  \m  thus  included  it  remains.  Coke  exposed  to  rain 
will  drain  off  the  water  to  a  great  extent,  but  the  occluded  water  of 
quenching  stays.  Sellers  of  retort-oven  coke  are  therefore  rather 
sensitive  on  the  subject  of  ^'  moisture  '^  in  the  specifications,  though 
it  is  hard  to  understand  why  they  should  expect  coke  prices  for 
water.  In  practice,  coke  with  a  little  moisture  does  no  great  harm 
in  the  cupola,  although  the  bed  coke  must  be  dry.  There  is,  of  course, 
a  thermal  loss  in  driving  moisture  off,  just  as  there  is  a  great  saving 
in  the  blast  furnace  in  the  use  of  artificially  dried  instead  of  natural 
air.  Specifications  for  coke  should  therefore  fix  a  maximum  limit  for 
moisture,  with  a  poialty  for  any  above  it,  to  insure  reasonable  care  in 
the  oven  practice,  but  this  upper  limit  should  be  such  that  good  retort- 
oven  coke  can  readily  keep  within  it. 

Coke  producers  should  therefore  be  urged  to  make  thorough  melting 
tests  with  their  coke,  so  that  when  selling  it  they  can  advise  foundry 
men  how  to  get  the  best  results  with  it.  This  plan  would  save  enor- 
mous trouble,  as  there  are  about  6,500  foundries  using  coke  in  the 
United  States  and  Canada,  and  but  a  very  small  percentage  know 
how  to  make  comparative  tests  of  coke  and  draw  conclusions  there- 
from  that  will  guide  them  in  its  proper  use.  There  are,  on  the  other 
hand,  comparatively  few  coke  producers,  or  selling  agents  for  coke 
producers,  and  it  would  pay  these  firms  well  to  have  a  central  testing 
station,  or  a  sort  of  ''  trouble  bureau,"  for  coke  tests. 

BVBNED  raON  IN  THE  CUPOLA. 

CAUSES  OP  TROUBLE. 

The  burning  of  iron  in  the  cupola  process,  and  in  fact  every  melt- 
ing process  to  a  greater  or  less  extent,  is  now  becoming  better  under- 
stood. In  years  gone  by  no  one  could  be  made  to  believe  that  such 
a  thing  was  possible.  But  anyone  having  to  do  with  making  the 
iron  silicates  can  realize  how  very  little  silica  can  carry  great  quanti- 
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ties  of  iron  to  make  a  thin  black  slag.  The  process  can  be  watched 
very  nicely  in  heating  and  forging  shops,  where  billets  of  iron  and 
steel  are  made  ready  for  the  hammers.  The  modern  regenerative 
heating  furnace  keeps  things  at  an  extremely  high  temperature,  and 
hence  a  billet  once  up  to  heat  must  be  removed  and  worked  quickly, 
as  otherwise  it  will  "  waste  away  "  very  rapidly.  In  fact,  if  the  fur- 
nace is  too  hot  the  outside  of  the  billet  will  often  be  ready  when  the 
inside  is  still  too  cold,  so  that  wasting  from  the  surface  takes  place 
and  can  not  then  be  avoided. 

The  surface  of  the  billet  becomes  oxidized  or  scales  heavily.  The 
scale  drops  off,  and  on  touching  the  white-hot  sand  of  the  bottom  unites 
with  it  as  a  silicate  of  iron  in  the  form  of  a  thin  slag  that  runs  off. 
Careful  operators  try  to  keep  this  wasting  action  down  to  a  minimum, 
and  they  collect  the  slag  in  pots,  selling  it  to  blast  furnaces.  It  con- 
tains over  60  per  cent  of  iron  and  is  therefore  rich,  though  it  requires 
much  limestone  for  treatment  if  large  quantities  are  used. 

In  the  bottom  of  the  open-hearth  furnace  pools  of  iron  often 
remain  after  the  heat  is  drained  out.  These  pools  oxidize  rapidly, 
burning  away  with  a  fine  display  of  sparks,  the  oxidized  material 
uniting  with  the  sand  bottom  and  making  a  temporarily  dark  spot. 
This  action  is  observed  especially  in  the  malleable  process  with  the 
open-hearth  furnace.  In  the  Bessemer  process  the  burning  of  iron  is 
so  obvious  that  one  has  only  to  stand  near  the  blow  to  be  spattered 
with  pellets  rich  in  iron.  In  making  pig  iron  one  has  only  to  note 
that  the  same  size  of.  furnace  that  makes  a  given  quantity  of  good, 
"  honest "  pig  iron  for  the  foundry  man  is  made  to  yield  very  much 
more  pig  iron  when  forced.  Iron  made  thus  must  be  oxidized  slightly 
and  produces  castings  weaker  than  they  ought  to  be.  Even  in  the 
cupola  the  scintillations  can  be  seen  as  the  drops  of  metal  find  their 
way  to  the  bottom.  The  exact  degree  to  which  the  oxidation  thus 
brought  about  affects  the  product  depends  on  the  rapidity  of  the 
stream  downward,  the  condition  of  the  blast  as  regards  unconsumed 
oxygen  at  the  point  where  the  iron  is  melted,  and  the  consequent  con- 
dition of  the  metal  itself.  If  the  metal  is  oxidized  even  slightly,  its 
melting  point  is  raised,  and  it  will  drop  more  sluggishly  and  receive 
more  damage  from  the  blast  farther  down.  Hence  the  importance  of 
nicely  balancing  melting  conditidns  by  proper  attention  to  the  coke 
and  charging. 

EFFECT  OF  BURKED  METAL,  ON  CASTINGS. 

In  the  coke-melting  tests  at  St.  Louis  another  matter  carefully 
watched  was  the  quality  of  the  metal  cast.  In  every  test  that  showed 
high  melting  loss  the  castings  were  observed  to  be  full  of  pin  holes 
near  the  surface,  and  in  some  tests  the  metal  was  like  a  big  sponge. 
Though  the  silicon  necessarily  ran  low  with  repeated  remelting, 
enough  remained  to  keep  the  body  of  the  metal  gray ;  but  whenever 
the  iron  was  burned  the  fins  on  all  the  castings  were  white. 
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Long  experience  in  the  foundry  business  has  taught  the  writer  that 
whatever  cause  may  be  put  forward  for  such  defects  in  castings  as 
pin  holes,  excessive  shrinkage,  draws,  and  cracks,  and  for  others  due 
to  the  metal  and  not  to  the  molding,  practically  all  of  them  can  be 
traced  back  to  burned  iron.  Whenever  steps  have  been  taken  to  cor- 
rect the  cupola  practice,  these  troubles  have  disappeared.  Pin  holes 
are  due,  not  to  the  inability  of  the  air  to  get  out  of  the  molds  fast 
enough,  but  to  the  yielding  up  of  dissolved  gases  in  the  iron  at  the 
moment  of  set.  The  first  thing  that  happens  in  the  mold,  if  the  iron 
poured  is  not  much  overheated,  is  the  setting  of  a  thin  skin  of  metal 
against  the  sand,  and  hence  these  gases  in  going  upward  and  outward 
to  escape  strike  the  thin  shell  that  has  set  and  stay  there.  AVlien  the 
casting  is  put  on  the  planer  and  the  skin  is  removed  the  pin  holes 
make  their  appearance  and  the  casting  is  condemned.  Such  an  out- 
come is  particularly  annoying  with  respect  to  fine  varieties  of  rolls, 
on  which  an  unblemished  surface  is  absolutely  necessary.  When  the 
metal  is  badly  burned,  as,  for  instance,  in  low-silicon  heats  for  mal- 
leable castings,  the  formation  of  gas  is  so  strong  that  the  casting  is 
honeycombed,  not  with  pin  holes  as  in  the  high-silicon  iron,  but  with 
blowholes  half  an  inch  across,  and  the  interior  surface  is  black  from 
oxidation. 

As  a  further  difficulty,  if  the  metal  is  oxidized  even  very  slightly 
its  melting  point  is  raised  considerably,  so  that  it  readily  freezes  or, 
as  the  foundry  man  l\as  it,  loses  its  "  life,"  and  the  ladles  "  skull." 
As  a  consequence,  in  pouring  the  gates  freeze  up  and  the  castings  are 
short  poured.  If  the  casting  has  been  poured,  the  molten  metal  may 
be  cut  off  so  quickly  that  interior  shrinkages  are  more  than  likely  to 
occur,  as  no  feeding  can  take  place. 

Finally,  burned  metal  is  very  weak.  It  seems  as  if  a  coating  of 
oxide  gets  between  the  several  crystals,  so  that  their  tenacious  grip  on 
one  another  is  lessened.  Hence  casting  strains  find  the  metal  unpre- 
pared to  resist  and  a  crack  is  the  result. 

A  little  oxygen  can  do  an  immense  amount  of  damage.  The  very 
worst  burned  iron  ever  seen  by  the  writer  contained  only  a  few  hun- 
dredths of  1  per  cent.  The  evils  of  high  sulphur  are  as  nothing 
compared  to  it.  Hence  only  a  very  small  amount  of  aluminum  or 
titanium  is  necessary  to  make  the  correction,  more  than  0.1  per  cent 
seldom  being  required  for  addition  to  the  ladle  to  produce  the  desired 
deoxidation. 

All  the  facts  outlined  above  show  how  important  the  subject  is  and 
why  the  ferro  alloys  are  becoming  such  a  factor  in  casting  practice. 
However,  preventioh  of  this  burning  or  oxidation  is  better  than  its 
correction  afterwards  by  means  of  alloys  of  iron  with  titanium, 
aluminum,  manganese,  and  silicon. 
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CUPOLA  CHABatNTG  AND  ITS  BELATIOH  TO  QUALITY  OF  XETAL. 

FBOCESOBfi  HOT  UKDBSB1O0D. 

Unfortunately,  we  are  still  in  the  dark  regarding  the  actual  proc- 
esses in  the  cupola.  Until  means  are  provided  to  take  accurately  t^n- 
peratures  as  well  as  samples  of  the  gases  formed  at  every  point  within- 
the  active  part  of  the  working  end  of  the  cupola  we  shall  have  only 
theories.  It  is  to  be  hoped  that  some  day  an  experimental  cupola  will 
be  erected  and  specially  arranged  for  such  tests,  so  that  deductions 
based  upon  determined  facts  may  be  made.  In  the  absence  of  the  nec- 
essary data  only  conjecture  is  possible;  neverthelessi  the  processes 
described  in  the  following  paragraphs  seem  actually  to  take  place. 

DBPTfi  O^  FUEL  BED. 

All  melting  occurs  above  the  tuyeres,  for  the  blast  can  find  an  exit 
only  up  the  stack.  The  coke  below  the  tuyeres  is  therefore  only  a  fill- 
ing and  serves  no  other  purpose,  as  it  is  not  even  so  hot  as  the  molten 
iron  that  collects  around  it  before  being  tapped.  The  tuyeres  are 
placed  high  or  low,  as  the  exigencies  of  the  shop  may  require.  Where 
a  continual  stream  of  very  hot  metal  is  wanted,  as,  for  instance,  in 
light  casting  work  or  in  the  molding  of  stove  plate,  the  tuyeres  are 
placed  about  6  inches  from  the  bottom  and  the  coke  filling  is  least  in 
volume  and  height.  For  melting  pig  iron  before  it  is  Bessemerized  for 
steel  the  tuyeres  may  be  a  few  feet  above  the  bottom,  because  a  rather 
large  tomiage  of  metal  has  to  be  kept  between  blows.  In  European 
practice  the  f  orehearth  does  the  work  of  a  deep  crucible  in  the  cupola, 
serving  as  a  big  ladle  or  catch-basin  for  the  molten  metal  running 
unchecked  out  of  the  cupola  spout  The  forehearth,  however,  is 
intended  to  be  heated  as  part  of  the  blast  arrangement;  but  unless 
the  regenerative  system  is  used  it  is  doubtful  whether  high  enough 
temperatures  are  obtained  to  do  this  heating  to  any  considerable 
extent.  The  proper  method  would  be  to  use  a  mixing  furnace,  such 
as  may  be  seen  in  steel  practice.  This  is  merely  a  tilting  open-hearth 
furnace,  in  which  the  metal  is  kept  continually  up  to  the  proper 
temperature. 

Between  the  least  and  greatest  depth  of  the  bed  below  the  tuyeres 
there  are  of  course  depths  adapted  to  various  classes  of  work,  some 
foundries  preferring  a  height  of  20  inches  between  the  bottom  and 
the  tuyeres  and  others  14  inches,  10  inches,  or  whatever  height  gives 
them  the  space  they  want  for  the  storage  of  n^etaL  The  quantity  of 
coke  thus  used,  especially  in  small  heats,  naturally  affects  the  melting 
ratio ;  if  this  fact  is  forgotten  and  a  high  ratio  is  arbitrarily  selected, 
the  heavy  bed  often  leaves  too  little  coke  for  the  upper  charges,  as, 
for  example,  in  the  tests  at  St.  Louis  with  heavy  cokes.  In  long 
heats  this  factor  is  not  so  apparent. 
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SMALL  CHAB0E8. 

The  partion  of  the  bed  above  the  tuyeres  is  next  to  be  conaiderecL 
Here  the  actual  work  of  melting  is  done.  The  cold  air  entering  the 
cupola  at  onoe  attacks  the  coke  and  delivers  up  its  oxygen,  whioh, 
by  the  time  it  is  all  consumed,  has  traversed  ascertain  distance  inward 
and  upward.  This  distance  probably  limits  the  melting  zone,  the 
shape  of  which  no  one  can  tell  until  experiments  such  as  were  referred 
to  above  have  been  made.  The  effect  of  this  zone  is  seen  along  the 
lining,  and  the  more  defined  and  the  narrower  it  is  the  better  are 
the  results.  If  the  zbne,  as  shown  by  the  cutting  action  on  the  linmg, 
spreads  over  a  considerable  height,  the  melting  is  irregular.  The  lin- 
ing should  be  fairly  clean  throughout,  easily  chipped  out,  and  quickly 
daubed  up.    Otherwise  practice  has  been  defective. 

This  melting  zone  may  be  in  the  shape  of  a  parabola  flaring  up- 
ward along  the  sides  or,  if  Mr.  West's  center  blast  is  used  so  that 
the  blast  pressure  is  more  nearly  equally  distributed,  its  upper  limit 
may  approach  a  flat  plane;  in  either  case  the  highest  temperature  is 
reached  at  a  point  somewhat  above  the  entry  of  the  air,  and  above 
that  point  the  heat  diminishes.  It  is  in  the  melting  zone  that  the 
reaction  between  the  oxygen  of  the  blast  and  the  carbon  of  the  coke 
bed  is  most  intense,  and  it  is  here,  probably,  that  the  formation  of 
carbon  dioxide  is  greatest.  Here,  too,  the  cupola  temperatures  reach 
a  maximum,  probably  about  3,500°  F.  Below  the  narrow  limits  of 
the  melting  zone  the  temperatures  are  less  because  the  combustion  of 
the  carbon,  its  reaction  with  oxygen  to  form  carbon  dioxide,  is  incom- 
plete. Above  the  melting  zone  the  temperature  falls  because,  if  the 
coke  bed  is  thick  enough,  the  carbon  dioxide  formed  in  the  melting 
zone  has  to  pass  through  incandescent  fuel,  and  the  glowing  carbon 
reacts  with  the  carbon  dioxide  to  form  carbon  monoxide,  the  gas  that 
may  be  seen  burning  in  the  upper  part  of  the  cupola.  This  reaction 
takes  up  heat,  and  hence  within  a  distance  of  3  feet,  if  the  coke  bed  is 
so  thick,  the  temperature  falls  to  about  2,100"*  F. 

It  is  evident  that  if  the  thickness  of  the  coke  bed  is  so  proportioned 
ihsit  all  melting  takes  place  within  the  melting  zone,  the  melting  will 
be  done  quickly  and  well,  for  the  melting  point  of  the  iron  ranges 
between  1,900^  and  2,400*  F.  If,  however,  the  coke  bed  is  excessively 
high,  some  iron  will  begin  to  melt  as  soon  as  the  coke  bed  has  burned 
away  enough  to  bring  the  temperature  above  the  melting  point,  and 
will  melt  slowly.  As  a  result,  cold  metal  will  drop  into  the  crucible 
of  the  cupola,  causing  the  many  annoyances  of  cold  metal  in  pouring. 
The  best  economy  is  naturally  had  if  the  metal  is  just  at  that  point  of 
highest  temperature,  and  not  much  below  or  above  it.  As  the  heat 
progresses  the  ooke  is  rapidly  burned  away.  Hence  the  bed  is  lowered 
and  the  metal  sinks;  the  next  charge  of  coke  is  intended  to  restore  the 
bed  to  its  original  height  so  that  each  successive  charge  of  metal  may 
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melt  in  the  same  position  in  the  cupola.  Under  the  best  conditions 
the  lower  part  of  the  metal  charge  melts  in  the  upper  part  of  the  melt- 
ing zone,  and  the  upper  part  of  the  metal  charge  melts  in  the  lower 
part  of  the  melting  zone.  Hence  if  a  metal  charge  is  too  heavy  some 
of  the  iron  is  melted  below  the  normal  limits  of  the  melting  zone,  and 
if  a  charge  is  unnecessarily  light  all  the  iron  is  melted  in  the  upper 
part  of  the  melting  zone.  If  each  charge  melted  at  the  same  level 
there  would  be  no  more  to  say  on  the  subject;  and  the  fact  that  it  did 
happen  in  former  times,  when  no  attempt  was  made  to  charge  in 
layers,  shows  that  perhaps  w^  have  not  progressed  so  much  as  we 
suppose. 

If,  as  there  is  reason  to  believe,  the  melting  is  best  done  at  the 
point  of  highest  temperature,  the  point  at  which  the  last  portion  of 
the  usual  heavy  first  metal  charge  must  melt,  owing  to  the  sinking  of 
the  bed  and  the  metal,  is  considerably  too  low  in  the  cupola.  The  heat 
may  be  high  enough  there,  but  the  gases  in  the  cupola  near  the  tuyeres 
are  not  yet  free  from  uncoihbined  oxygen.  As  a  result  the  metal  must 
suffer  somewhat  by  contact  with  this  free  oxygen  at  so  high  a  tempera- 
ture. If  this  statement  of  conditions  is  in  any  degree  true,  the  remedy 
is  to  make  the  charges  as  small  as  possible,  so  that  the  fluctuation  in 
position  of  the  effective  part  of  the  coke  bed  may  be  as  slight  as  pos- 
sible, and  the  cutting  action  in  the  cupola  limited  to  a  height  of  a  few 
inches  instead  of  feet. 

UNIFORM    CHARGES. 

Inasmuch  as  only  the  very  top  of  the  coke  bed  is  effective  for 
proper  nonoxidizing  melting  if  it  was  made  right  at  first,  the  question 
arises  why  it  is  the  prevailing  practice  to  make  the  first  lot  of  metal 
several  times  as  heavy  as  those  succeeding.  The  obvious  reason  is 
plausible  enough  at  first  glance — namely,  that  a  lot  of  metal  ought  to 
go  on  top  of  a  lot  of  coke  in  the  bed.  It  is  forgotten  how  little  of  that 
big  bed  of  coke  really  does  the  work  of  melting. 

The  damage  caused  by  the  big  first  charge  of  iron  may  best  be 
shown  by  figures.  Let  us  assume  that  every  1,000  pounds  of  iron  in 
melting  uses  up  1  inch  of  the  coke  bed.  If  the  first  big  charge  of 
metal  is  6,000  pounds,  6  inches  of  the  coke  will  have  been  burned 
away  when  the  metal  is  melted.  If  iron  is  really  damaged  by  oxida- 
tion, the  last  3,000  pounds  of  that  charge  is  not  quite  so  good  as  the 
first  3,000.  Now,  the  first  intermediate  charge  of  coke  comes  down. 
Does' that  restore  the  6  inches  of  the  bed  ?  By  no  means.  It  is  merely 
enough  to  melt  the  next  and  much  smaller  charge  of  metal.  Let  us 
say  it  restores  the  bed  3  inches  and  disposes  of  a  succeeding  charge  of 
3,000  pounds  of  metal.  The  bed,  restored  only  halfway  up  to  its 
original  position  in  the  melting  zone,  burns  down  3  inches  again  in 
melting  the  second  charge,  nearly  all  of  that  iron  being  melted  at  a 
point  where  it  is  affected  by  unconsumed  oxygen  in  the  blast.    This 
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restoration  and  melting  is  repeated  until  the  end  of  the  heat,  and  the 
practical  effect  of  the  big  first  charge  is  to  give  an  inferior  grade  of 
iron  for  the  entire  heat,  unless  extra  coke  between  the  charges  brings 
the  bed  up  to  proper  level. 

Many  foundry  men  have  recognized  this  point,  and  now  run  their 
cupolas  with  charges  of  metal  alike  from  first  to  last ;  and  the  writer 
has  persistently  advocated  this  method  as  the  first  step  in  solving  the 
problem  of  using  all  kinds  of  foundry  coke  successfully. 

But  if  there  is  any  advantage. in  keeping  the  fluctuations  of  the 
bed  uniform,  there  is  additional  benefit  in  making  this  fluctuation  as 
small  as  possible;  hence  the  writer's  second  recommendation  is  to 
make  the  charges  so  small  that  the  layers  of  coke  are  only  thick 
enough  to  cover  the  layers  of  metal,  unless  definite  knowledge  regard- 
ing the  range  of  the  melting  zone  of  a  cupola  permits  heavier  charges. 

ADJUSTMENT  OF  BED. 

Another  very  important  point  remains  for  discussion.  The  bed 
must  be  of  the  right  height  to  start  the  melting  properly ;  otherwise 
aU  subsequent  care  is  useless.  Many  foundry  men  have  adopted  the 
method  outlined  above  of  melting  by  small  charges,  most  of  them 
successfully  from  the  start,  but  others  have  not  succeeded  until 
attention  was  called  to  the  height  of  their  bed.  Practically  the  only 
way  to  know  when  this  height  is  right  is  to  observe  the  time  between 
^  blast  on  "  and  "  first  iron."  Every  foundry  man  knows  that  when 
this  time  is  about  seven  to  ten,  preferably  eight,  minutes  he  gets  his 
best  results.  So  in  determining  the  right  height  of  bed,  if  iron  comes 
at  a  time  within  these  limits  it  is  safe  to  continue  to  charge  as  in  that 
heat.  If  the  iron  comes,  say,  in  fifteen  minutes,  the  bed  is  too  thick ; 
if  it  comes  in  four  or  five  minutes,  the  bed  is  too  thin.  Thus  this  mat- 
ter can  be  attended  to  at  first.  In  a  new  cupola  the  bed  can  purposely 
be  made  too  thick  in  the  first  heat  and  reduced  subsequently  until  the 
proper  time  of  "  first  iron  "  is  reached.  This  "  first  iron  "  means  the 
first  metal  running  continuously  just  previous  to  "  stopping  up,"  and 
not  the  few  random  drops  that  often  come  in  five  minutes.  Where  in 
practice  the  tap  hole  is  closed  when  the  blast  is  put  on,  it  had  better 
be  left  open,  for  a  few  days,  until  the  action  of  the  cupola  in  this 
respect  is  known. 

In  making  the  estimate  of  the  correct  time  from  "blast  on"  to 
"  first  iron,"  it  was  assumed  that  the  charging  was  done  on  a  fuel  bed 
well  burned  through,  with  all  the  wood  consumed.  The  writer  has 
noted  instances  in  which  about  a  third  of  the  bed  coke  was  put  on  and 
burned  through.  Then  the  remaining  two-thirds  was  added,  the 
cupola  charged,  and  the  blast  turned  on.  In  such  instances  the  first 
few  minutes  of  the  observed  time  to  "  first  iron  "  were  taken  up  by  the 
fuel  bed  burning  through  and  did  not  form  any  part  of  the  melting 
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time.  '  Iron  in  eight  minutes  was  really  iron  in  four  or  five  minutes, 
consequently  the  results  were  disappointing. 

Too  heavy  a  bed  has  nearly  as  bad  an  effect  ^s  one  too  thin.  The 
thin  bed,  as  has  already  been  explained,  has  just  the  same  effect  as  a 
very  heavy  first  charge.  The  entire  process  of  melting  throughout 
the  heat  takes  place  too  low  down  and  in  a  more  or  less  oxidizing 
atmosphere.  If  the  intermediate  charges  of  coke  used  were  not  as  a 
rule  slightly  heavier  than  necessary,  thus  causing  the  fuel  bed  gradu- 
ally to  rise,  a  low  bed  together  with  a  heavy  first  charge  of  metal 
would  give  serious  trouble  throughout  the  heat.  As  it  is,  these  condi- 
tions may  account  for  much  of  the  badness  of  the  "  first  iron,"  com- 
monly laid  altogether  to  sulphur. 

On  the  other  hand,  too  thick  a  bed  unduly  delaj^  the  metal.  The 
bed  has  to  bum  away,  and  while  it  bums  some  of  the  stock  melts 
slowly  too  high  in  the  cupola  and  hence  is  exposed  too  long  to  the 
influence  of  the  cupola  gases.  The  melting  is  therefore  slow,  and 
the  iron  may  be  slightly  burned  and  is  apt  to  be  cold.  Slow  iron 
nearly  always  means  inferior  iron.  The  evils  of  too  heavy  initial 
charges  are  perhaps  most  noticeable  in  air-furnace  and  open-hearth 
practice,  where  a  slow  heat  is  an  abomination. 

If  the  bed  is  too  thick,  a  heavy  first  charge  of  metal  keeps  the  suc- 
ceding  charges  of  iron  from  melting  too  high  in  the  cupola  and  reduces 
the  danger  from  burned  iron.  The  writer,  indeed,  has  observed  a 
number  of  instances  of  excellent  results  obtained,  with  a  thick  bed 
and  heavy  first  charge,  with  very  small  intermediate  charges.  Such 
practice  does  not  seem  good,  however,  as  some  of  the  "  first  iron  "  will 
be  dull.    Better  have  a  proper  bed  and  uniform  charges. 

In  changing  from  the  current  practice  of  high  fuel  bed  and  heavy 
initial  charge  of  metal,  it  will  be  noticed  that  a  little  while  after  the 
start  the  melting  always  becomes  slower;  that  is,  of  course,  if  the 
same  ratio  of  coke  to  iron  is  used  for  the  intermediate  charges  in  the 
two  methods.  This  is  because  some  of  the  coke  which  was  used  up  un- 
der the  old  conditions  to  make  slag  and  cut  the  lining  becomes  avail- 
able for  melting,  less  fuel  is  needed,  and  the  fuel  bed  rises.  This 
thickening  of  the  fuel  bed  and  slow  melting  is  easily  remedied,  when 
observed,  without  doing  harm  anywhere  and  with  a  saving  of  coke 
by  changing  the  melting  ratio ;  that  is,  cutting  down  the  intermediate 
coke  charges  slightly. 

It  is  but  natural  that  the  system  of  cupola  diarging  above  outlined, 
which  has  been  before  the  foundry  public  for  several  years,  should 
have  been  tried  out  by  many  foundry  men  with  varying  success. 
Among  the  hundreds  of  instances  of  trials  in  large  and  in  small  cupolas 
that  have  come  to  the  attention  of  the  writer,  whenever  failures  or  in- 
different results  were  reported,  investigation  always  indicated  some- 
thing wrong  with  the  bed  charge,  or  a  lack  of  care  in  the  charging  it- 
Self,    Melters  object  to  the  extra  labor  of  weighing  out  small  charges, 
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preferring  their  comfort  to  clean,  sound  iron.  In  some  instances, 
indeed,  melters  have  deliberately  added  extra  coke  in  order  to  show 
that  melting  became  slower  by  the  small-charge  method.  However, 
DO  matter  what  the  cupola  or  what  the  class  qf  castings  made,  a  re- 
duction in  the  size  of  the  charges  always  works  to  advantage,  and 
wherever  slower  melting  has  been  noticed  a  slight  reduction  in  the 
intermediate  coke  charges  has  always  restored  the  proper  rate  of 
melting.  Naturally,  it  takes  more  care  to  get  an  even  distribution  of 
small  than  of  large  charges,  but  the  reduction  in  scrap  castings  is 
surely  worth  some  effort. 

Again,  it  does  not  follow  that  burned  iron  always  results  from  very 
heavy  charges.  When  the  conditions  become  such  that  the  molten 
iron  is  attacked  by  oxygen,  the  iron  may  be  protected  by  the  man- 
ganese in  the  charge.  Silicon  gives  similar  but  less  protection.  The 
foundry  man  merely  has  to  remember  that  when  the  metal  is  slightly 
too  low  in  the  melting  zone  of  the  cupola  the  same  conditions  obtain, 
though  in  far  smaller  degree,  as  in  the  Bessemer  process,  in  which 
manganese,  silicon,  and  carbon,  and  with  them  more  or  less  iron,  are 
burned  out.  What  the  foundry  man  should  look  to  is  that  his  cupola 
does  not  become  a  sort  of  converter  during  any  part  of  the  melt. 

In  conclusion,  it  may  be  said  that  the  logical  method  of  cupola 
charging  after  the  bed  is  in  would  be  to  do  away  altogether  with 
separate  metal  and  coke  charges,  and  yet  keep  the  proper  ratio  of 
iron  to  coke.  This  ratio  can  be  maintained  by  weighing  out  metal 
and  coke  in  separate  piles  on  the  platform  and  charging  a  small  quan- 
tity at  a  time  from  each  pile,  after  the  manner  of  proportioning  sand 
and  facing  materials.  The  claim  has  been  made  that  this  method, 
the  one  used  by  our  foundry-men  forefathers,  means  slower  melting, 
but  careful  trial  has  shown  that  such  is  not  the  case.  However,  the 
discomfort  and  cost  of  the  method  will  preclude  its  use. 

The  writer  has  advanced  another  suggestion,  that  to  reduce  the  cost 
of  charging  a  cupola  to  a  minimum  the  charges  should  be  made  up  in 
the  yard.  They  should  be  carefully  laid  in  special  charging  buckets 
with  swinging  bottom  doors  to  drop  the  charges  exactly  as  laid.  If 
the  cupola  is  cut  off  at  the  platform,  one  man  in  the  yard  with  a 
reversible  hoisting  engine  and  a  revolving  jib  crane  can  handle  the 
charges.  This  plan  has  been  tried  at  a  large  foundry  with  excellent 
results.  A  suitable  hood  and  stack  above  the  cut-off  cupola  will  carry 
off  escaping  gases. 

SUMMABT. 

The  probable  processes  of  a  cupola  heat  have  now  been  considered, 
and  the  lessons  derivable  therefrom  if  the  assumptions  are  correctly 
made.  In  this  description  of  a  cupola  heat  the  foundry  man  may 
find  suggested  a  method  by  which  he  can  make  use  of  practically  any 
kind  of  coke.    If  the  coke  is  heavy — almost  like  anthracite — ^he  can 
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use  fairly  heavy  charges,  as  the  fluctuations  of  the  melting  zone  will 
be  slight  If  the  available  coke  is  light,  he  absolutely  must  take  small 
charges,  the  smaller  the  better,  for  large  charges  would  result  in  too 
strong  combustion  and  perhaps  in  red-hot  coke  near  the  charging 
doors.  The  limit  for  lightness  is  set  only  by  coke  so  light  that  com- 
bustion takes  place  too  rapidly  and  the  iron  can  not  take  up  the  heat 
fast  enough.  This  limit  is  quickly  found  in  practice.  The  methods  of 
making  all  varieties  of  coke,  and  particularly  those  made  in  retort 
ovens,  are  now  fairly  well  settled,  and  hence  foundry  coke  is  made  a 
specialty  at  only  those  plants  that  can  obtain  the  right  kinds  of  coal 
for  the  purpose ;  that  is,  these  coke  makers  have  coals  of  various  kinds 
available,  which  when  ground  and  mixed  give  the  desired  result. 

As  retort-oven  coke,  it  is  to  be  hoped,  will  be  the  foundry  fuel  of 
the  future,  the  coke  makers,  by  careful  study  of  details,  will  probably 
bring  about  a  very  uniform  product,  with  so  slight  variations  in 
composition  and  physical  structure  that  a  method  of  operation  in 
the  cupola  such  as  that  outlined  above  will  give  uniform  satisfaction 
to  the  user.  In  the  meantime,  however,  we  have  to  do  with  existing 
conditions.  We  have  coke  with  low  and  with  high  sulphur,  coke  with 
low  and  with  high  ash,  and  occasionally  coke  so  soft  as  to  be  very 
near  the  danger  limit.  By  the  very  nature  of  the  process  of  making 
it  coke  can  not  be  uniform  in  structure,  and  only  careful  selection 
from  the  ovens  as  they  are  discharged  gives  the  foundry  man  what 
he  is  paying  for.  In  brisk  times  this  selection  is  likely  to  be  made 
less  conscientiously,  coke  forks  being  discarded  or  their  prongs  made 
closer.  Many  coke  tests  have  shown  conclusively  that  much  can  be 
done  to  improve  a  coke  by  adapting  the  process  of  making  it  to  the 
requirements.  This  matter  will  be  treated  more  fully  in  another 
bulletin  of  the  Bureau  of  Mines. 

COKE  DISTRICTS  OF  THE  UNITED  STATES 

GENERAL  STATEMENT. 

Fortunately  for  the  foundry  industry  it  is  possible  in  practically 
all  the  important  centers  of  the  industry  to  get  good  cokes  at  reason- 
able prices  through  competitive  rates  from  the  several  coal  fields. 
The  foundry  man,  however,  who  is  so  placed  that  he  can  get,  for 
example,  a  Clinch  Valley  coke  cheaply,  but  insists  upon  having  Con- 
nellsville  coke  at  a  dollar  or  two  higher,  incurs  a  direct  and  avoid- 
able loss. 

Coal-washing  methods  have  now  progressed  so  far  that  it  is  pos- 
sible to  make  very  creditable  foundry  coke  out  of  what  was  formerly 
considered  almost  too  poor  material  for  the  blast  furnace.  Hence, 
if  the  producers  give  proper  attention  to  the  wants  of  the  foundry 
and  the  users  of  coke  take  into  account  the  differences  in  its  structure 
and  composition,  with  existing  facilities  for  shipment,  there  should 
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be  little  trouble  in  the  marketing  of  coke  from  any  part  of  the 
country.  It  will  be  well,  therefore,  to  describe  briefly  the  coking  dis- 
tricts of  the  country  and  point  out  some  of  the  characteristics  of  the 
coals  to  be  found  in  each. 

Coal  from  five  of  the  seven  great  fields  of  the  country  is  used  for 
the  manufacture  of  coke.  These  fields  are  the  Appalachian  field, 
embracing  Pennsylvania,  Virginia,  West  Virginia,  Ohio,  Tennessee, 
Georgia,  Alabama,  and  eastern  Kentucky;  the  eastern  interior  field, 
in  Illinois,  Indiana,  and  western  Kentucky;  the  western  interior 
field,  in  Iowa,  Kansas,  Missouri,  Nebraska,  Arkansas,  Oklahoma,  and 
Texas;  the  Rocky  Mountain  field,  in  Colorado,  Montana,  Wyoming, 
Utah,  and  New  Mexico ;  and  the  Pacific  coast  field,  in  Washington. 

BESGBIFTION  BY  STATES. 


ALABAMA. 

Alabama  is  one  of  the  large  producers  of  coke  and  has  an  advan- 
tage in  home  markets.  Its  coal  is  rather  high  in  impurities,  and 
nearly  all  the  slack  and  more  than  half  the  run-of-mine  coal  used 
for  coking  is  previously  washed.  Probably  the  chief  cause  of  objec- 
tion to  Alabama  coke  is  the  rather  high  sulphur  content,  which  is 
injurious  for  stove  castings  and  similar  articles.  Otherwise  the  coke 
of  Alabama  is  used  satisfactorily  for  the  foundry.  Alabama  coke  has 
about  the  following  composition: 

Average  composition^  of  Alabama  coke. 


Moisture 

Volatile  matter. 
Fixed  carbon... 

Aah 

Sulphur 


From  ron- 

From 

of-mlne 

washed 

ooal. 

slack. 

1.34 

0.76 

l.OS 

.75 

83.86 

86.00 

14.28 

11.60 

l.SO 

.90 

The  analyses  show  up  better  for  coke  made  from  washed  coal. 

COLORADO. 

Practically  all  coal   from   Colorado  used  for  coke  purposes  is 
washed.    Average  analysis  is  about  as  follows : 

Average  analysis  of  Colorado  coke. 

Moisture 0.44 

Volatile  matter 1. 31 

Fixed  carbon 82.18 

Aflh 16. 07 

Snlphar .  44 

The  coke  should  be  improved  with  respect  to  its  high  ash  by  better 
development  of  the  washery  practice. 
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GEORGIA. 

Very  little  coke  is  made  in  G-eorgia,  but  that  little  is  good.  The 
industry  is  confined  to  the  extreme  northwestern  corner,  in  Dade 
County ;  ^'  Durham  "  coke  is  known,  in  the  market  which  it  reaches, 
as  a  good  low-sulphur  foundry  coke,  easily  operated. 

ILLINOIS. 

In  Illinois  much  foundry  coke  is  made  in  by-product  ovens  from 
coals  drawn  from  West  Virginia.  This  coke  has  become  standard 
for  foundry  practice  in  northern  Illinois  and  tributary  regions.  The 
Illinois  coal  itself  gives  a  rather  poor  coke  even  when  washed,  though 
doubtless  it  can  be  used  to  advantage  by  mixing  with  other  coal  pos- 
sessing better  coking  quality.  An  analysis  of  a  coke  made  from 
a  washed  Illinois  coal  follows: 

Analysis  of  a  coke  made  from  a  washed  Illinois  coal, 

* 

Moisture 2. 78 

VolatUe  matter .74 

Fixed  carbon 83.35 

Ash  13.13 

Sulphur 2.49 

In  spite  of  its  quality  this  coke  has  its  uses,  though  probably  one 
would  do  well  to  keep  clear  of  it  for  ordinary  foundry  work.  Foun- 
dry men  will  recognize  in  the  above  analysis  a  material  much  like 
that  which  they  sometimes  get  during  coke  famines. 

KENTUCKY. 

Kentucky  draws  its  supplies  of  coal  from  two  of  the  great  coal 
fields.  Most  of  the  coke  is  made  in  the  western  part.  The  analysis 
of  Kentucky  coke  shows  normal  components  except  the  sulphur, 
which  runs  above  1  per  cetit  and  sometimes  nearly  to  2  per  cent. 
The  sulphur  in  the  coal  is  chiefly  in  the  form  of  pyrite,  much  of  which 
is  eliminated  by  washing. 

NEW   MEXICO. 

New  Mexico  is  becoming  an  important  factor  in  the  coke  produc- 
tion of  the  West,  as  one  sees  on  visiting  its  coal  regions.  The  coal  is 
so  dirty,  however,  that  for  coking  purposes  it  must  be  washed,  and 
when  it  is  so  treated  some  analyses  still  show  over  10  per  cent  of  ash. 
The  sulphur  content  is  rather  low,  being  between  0.60  and  0.70  per 
cent. 

The  great  coke  plant  at  Dawson,  N.  Mex.,  is  interesting.  The  gases 
from  the  modified  beehive  ovens  are  used  for  raising  steam  for  the 
plant,  but  the  other  by-products  are  lost. 

OHIO. 

Ohio  is  coming  up  as  a  coke-producing  State,  though  not  so 
rapidly  as  it  should,  probably  on  account  of  the  proximity  of  the 
Pennsylvania  fields.  Many  of  the  coals  have  to  be  washed,  and  the 
sulphur  and  ash  are  generally  a  little  high. 
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PENNSYLVANIA. 

Pennsylvania  is,  of  course,  the  banner  State  for  coke.  Coke  is  made 
in  ten  districts  that  are  geographically  distinct.  The  amount  of 
slack  that  is  washed  before  coking  is  considerable,  but  not  so  large  as 
in  other  coal  fields.  Nearly  all  of  the  coal  mined  in  the  Connellsr 
ville  district  is  used  for  coke  making,  and  most  of  the  coal  so  used  is 
unwashed  run-of-mine.  As  detailed  statements  of  the  statistics  can 
be  found  in  the  volumes  of  Mineral  Resources  annually  issued  by  the 
United  States  Geological  Survey,  it  will  suffice  here  to  give  the  range 
in  composition. 

Range  of  composition  of  Pennsylvania  cokes. 

Moisture - 0. 23  to    0. 91 

Volatile  matter .29  to    2.26 

Fixed  carbon 92.53  to  80.84 

Ash 6. 95  to  15. 99 

Sulpbnr .81  to    1.87 

The  upper  limits  for  ash,  sulphur,  and  volatile  matter  denote  nearly 
extreme  cases  either  of  imperfectly  made  coke  or  of  coke  made  from 
coal  that  is  not  generally  used  for  the  purpose.  As  the' foundry  man 
is  liable  to  have  such  coke  sent  him,  it  is  included  in  the  statement. 

TENNESSEE. 

The  bulk  of  the  coal  used  to  make  coke  in  Tennessee  is  washed.  In 
fact,  all  the  slack  is  so  treated  before  coking.  Washing  is  necessary 
on  account  of  the  bone  and  the  occasionally  high  sulphur.  The  coke 
analyses,  which  reflect  these  properties,  are  as  follows : 

Range  of  composition  of  Tennessee  cokes. 

Moisture 0. 22  to    1. 67 

Volatile  matter .  11  to    1. 60 

Fixed   carbon 92.44  to  76.87 

•      Ash 7.23  to  19.86 

Snlphur .  61  to    2. 46 

This  statement  shows  plainly  the  necessity  for  washing,  but  also  the 
fact  that  very  good  coke  is  to  be  had. 

VIRGINIA. 

The  southwestern  portion  of  Virginia  is  rapidly  becoming  an  im- 
portant coke  center.  The  coals  are  high  grade,  producing  a  coke 
comparable  with  those  from  the  Flat  Top  and  New  Kiver  districts  of 
West  Virginia.  The  range  of  the  following  analyses  indicates  what 
excellent  material  the  State  produces: 

Range  of  composition  of  Virginia  cokes. 

Moisture 0.16  to    1.52 

VolatUe  matter .80  to    1.67 

Fixed  carbon 93.24  to  88.52 

Ash 5.80  to    8.29 

Sulphur - .42  to    1.02 
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WASHINGTON. 

» 

The  coke  industry  of  Washington,  though  not  large,  is  important, 
not  so  much  for  its  quality  as  for  the  fact  that  metallurgical  coke  is 
made  at  all  on  the  Pacific  coast.  The  coal  for  coke  making  is  all 
washed.  The  importance  of  this  treatment  is  shown  by  the  follow- 
ing analysis  of  a  Washington  coke  the  coal  for  which  had  not  been 
washed. 

Composition  of  a  Washington  coke  from  unwashed  coaU 

Moisture  - 1. 02 

Volatile  matter 1 2. 10 

Fixed  carbon 77.53 

Ash , 19. 35 

Sulphur .  44 

Everything  in  this  coke  will  pass  except  the  ash  and  the  volatile 
matter,  the  first  of  which  can  be  reduced  by  washing  and  the  second 
by  suitable  changes  in  the  coking  process. 

WEST  VIRGINIA. 

West  Virginia  is  the  second  largest  producer  of  coke  in  the  country. 
Thf  quality  of  the  coal  of  this  State  is  shown  by  the  fact  that  the 
greater  part  of  its  coke  is  made  from  slack,  but  little  of  which  has 
to  be  washed.    Hence  the  following  range  of  analyses  is  interesting : 

Range  of  composition  of  West  Virginia  cokes* 

Moisture 0.07  to    0.60 

Volatile  matter , .46  to    2.35 

Fixed  carbon 95.47  to  84.00 

Ash 4.00  to  12.96 

Sulphur .53  to    2.26 

VALTTE  OF  A  STANDABB  COMPOSITION.  • 

It  may  be  useful  to  give  a  desirable  composition  for  foundry  coke, 
so  that  a  foundry  man  can  compare  it  with  the  analyses  given  above 
for  the  several  States  and  with  the  coke  that  he  purchases.  This 
function  really  should  be  performed  by  a  standard  specification,  and 
the  fixing  of  such  a  standard,  it  is  hoped,  will  some  day  be  carried  out 
in  a  manner  acceptable  to  all  interests  concerned.  The  following 
composition,  however,  would  be  considered  excellent — ^better,  in  fact, 
than  is  actually  required : 

Desirable  composition  for  foundry  coke. 

Moisture 0.50 

Volatile  matter .75 

Fixed  carbon 80.76 

Ash 9. 00 

Sulphur .  70 


PUBLICATIONS  ON  FUEL  TESTING. 

* 

The  following  publications,  except  those  to  which  a  price  is  affixed, 
can  be  obtained  free  by  applying  to  the  Director  of  the  Bureau^  of 
Mines,  Washington,  D.  C.  The  priced  publications  can  be  purchased 
from  the  Superintendent  of  Documents,  Government  Printing  Office, 
Washington,  D.  C. : 

PUBUCATIONS  OF  THE  UNITED  STATES  OEOLOGICAL  SURVEY. 

Bulletin  261.  Preliminary  report  on  the  operations  of  the  coal-testing  plant 
of  the  United  States  Geological  Survey  at  the  Lonisiana  Purchase  Exposition^ 
in  St  Louis,  Mo.,  1904 ;  E.  W.  Parker,  J.  A.  Holmes,  M.  R.  Campbell,  committee 
in  charge.    1905.    172  pp.    10  cents. 

Pbofessional  Paper  48.  Report  on  the  operations  of  the  coal- testing  plant  of 
the  United  States  Geological  Survey  at  the  Louisiana  Purchase  EiXposition,  St. 
Louis,  Mo.,  1904;  E.  W.  Parker,  J.  A.  Holmes,  M.  R.  Campbell,  committee  in 
charge.    1906.    In  three  parts.    1492  pp.,  13  pis.    $1.50. 

BuLLEfTiN  290.  Preliminary  report  on  the  operations  of  the  fuel-testing  plant 
of  the  United  States  Geological  Survey  at  St  Louis,  Mo.,  1905,  by  J.  A.  Holmes. 
1906.    240  pp.    20  cents. 

BiTLLETiiv  323.  Experimental  work  conducted  in  the  chemical  laboratory  of 
the  United  States  fuel-testing  plant  at  St  Louis,  Mo.,  January  1,  1905,  to  July 
31,  1906,  by  N.  W.  Lord.    1907.    49  pp.    10  cents. 

Bulletin  325.  A  study  of  four  hundred  steaming  tests  made  at  the  fuel-test- 
ing plant  St  Louis,  Mo.,  1904,  1905,  and  1906,  by  L.  P.  Breckenridge.  1907. 
196  pp.    20  cents. 

Bulletin  332.  Report  of  the  United  States  fuel-testing  plant  at  St  Louis, 
Mo.,  January  1, 1906,  to  June  30,  1907 ;  J.  A.  Holmes,  in  charge.  1908.  299  pp. 
25  cents. 

Bulletin  334.  The  burning  of  coal  without  smoke  in  boiler  plants;  a  pre- 
liminary report  by  D.  T.  Randall.    1908.    26  pp.    5  cents.     (See  Bull.  373.) 

Bulletin  336.  Washing  and  coking  tests  of  coal  and  cupola  tests  of  coke,  by 
Richard  Moldenke,  A.  W.  Belden,  and  G.  R.  Delamater.    1908.    76  pp.    10  cents. 

Bulletin  339.    The  purchase  of  coal  under  government  and  commercial  speci- 
fications on  the  basis  of  its  heating  value,  with  analyses  of  coal  delivered  under 
government  contracts,  by  D.  T.  Randall.    1908.   27  pp.    5  cents.    (See  Bull.  428.) 

Bulletin  343.    Binders  for  coal  briquets,  by  J.  E.  Mills.    1908.    56  pp. 

Bulletin  362.  Mine  sampling  and  chemical  analyses  of  coals  tested  at  the 
United  States  fuel-testing  plant  Norfolk,  Va.,  in  1907,  by  J.  S.  Burrows.  1908. 
23  pp.    5  cent& 

BuLLiTiN  363.  Comparative  tests  of  run-of-mine  and  briquetted  coal  on  loco- 
motives, including  torpedo-boat  tests  and  some  foreign  specifications  for  bri- 
quetted fuel,  by  W.  F.  M.  Goss.    1908.    57  pp.,  4  pis. 

Bulletin  366.  Tests  of  coal  and  briquets  as  fuel  for  house-heating  boilers, 
by  D.  T.  Randall.    1908.    44  pp.,  3  pis. 
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Bulletin  367.  Significance  of  drafts  in  steam-boiler  practice,  by  W.  T.  Ray 
and  Henry  Krelsinger.    1909.    61  pp. 

Bulletin  368.  Washing  and  coking  tests  of  coal  at  Denver,  Colo.,  by  A,  W. 
Belden,  G.  R.  Delamater,  and  J.  W.  Groves.    1909.    54  pp.,  2  pla 

Bulletin  373.  The  smokeless  combustion  of  coal  in  boiler  plants,  by  D.  T. 
Randall  and  H.  W.  Weeks.    1909.    188  pp.    20  cents. 

Bulletin  378.  The  purchase  of  coal  under  government  specifications,  by  J.  S. 
Burrows.    1909.    44  pp.    10  cents.     (See  Bull.  428.) 

Bulletin  382.  The  effect  of  oxygen  in  coal,  by  David  White.  1909.  78  pp. 
3  pis. 

Bulletin  385.  Briquetting  tests  at  the  United  States  fuel-testing  plant,  Nor- 
folk, Va.,  1907-8,  by  C.  L.  Wright.    1909.    41  pp.,  9  pis. 

Bulletin  392.  Commercial  deductions  from  comparisons  of  gasoline  and 
alcohol  tests  on  internal-combustion  engines,  by  R.  M.  Strong.    1909.    38  pp. 

Bulletin  393.  Incidental  problems  in  gas-producer  tests,  by  R.  H.  Fernald, 
C.  D.  Smith,  J.  K.  Clement,  and  H.  A.  Grine.    1909.    29  pp. 

Bulletin  402.  The  utilization  of  fuel  in  locomotive  practice,  by  W.  F.  M. 
Goss.    1909.    28  pp. 

Bulletin  403.  Comparative  tests  of  run-of-mine  and  briquetted  coal  on  the 
torpedo  boat  Biddle,  by  Walter  T.  Ray  and  Henry  Krelsinger.    1900.    49  pp. 

Bulletin  412.  Tests  of  run-of-mine  and  briquetted  coal  in  a  locomotive 
boiler,  by  Walter  T.  Ray  and  Henry  Krelsinger.    1909.    32  pp. 

Bulletin  416.  Recent  development  of  the  producer-gas  power  plant  in  the 
United  States,  by  R.  H.  Fernald.    1909.    82  pp.,  2  pla    15  cents. 

Bulletin  428.  The  purchase  of  coal  by  the  Government  under  specifications, 
with  analyses  of  coal  delivered  for  the  fiscal  year  1908-9,  by  G.  S.  Pope.  1910. 
80  pp.    10  cents. 

PUBLICATIONS  OF  THE  BUREAU  OF  MINES. 

Bulletin  1.  The  volatile  matter  of  coal,  by  H.  C.  Porter  and  F.  K.  Ovitz. 
1910.    56  pp.    1  pi. 

Bulletin  2.  North  Dakota  lignite  as  a  fuel  for  power-plant  boilers,  by  D.  T. 
Randall  and  Henry  Krelsinger.    1910.    42  pp.    1  pi. 
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FEATURES  OF  PRODUCER-GAS  POWER-PLANT 

DEVELOPMENT  IN  EUROPE. 


By  RoBEBT  Hbywood  Febnald. 


INTBODTJOTION. 

The  analyzing  and  testing  of  mineral  fuels  as  carried  on  by  the 
United  States  Geological  Survey  included  trials  of  coal,  lignite,  and 
peat  in  a  gas  producer.  These  tests  were  made  in  connection  with 
steaming  and  other  tests,  the  object  of  the  investigation  being  to 
find  out  in  what  ways  the  mineral  fuels  in  the  United  States  could  be 
utilized  most  efficiently,  and  by  what  means  deposits  of  low-grade 
fuel  that  were  lying  undeveloped  or  were  being  wasted  could  be  made 
of  inmiediate  or  prospective  importance  as  assets  of  the  nation's 
mineral  wealth. 

The  tests  of  fuels  for  producer-gas  manufacture  began  in  1904  and 
were  continued  by  the  United  States  Geological  Survey  up  to  July  1, 
1910,  on  which  date  all  of  the  fuel-testing  work  being  carried  on  by 
the  Survey  was  transferred  by  act  of  Congress  to  the  Bureau  of  Mines. 
Results  of  some  of  the  producer-gas  tests  made  before  that  date  have 
been  given  in  the  Geological  Survey  publications  Usted  at  the  end  of 
this  report;  results  of  other  tests  will  be  given  in  bulletins  to  be  issued 
by  the  Bureau  of  Mines. 

In  the  course  of  its  investigations  the  Geological  Survey  collected 
information  relating  to  the  development  of  producer-gas  power  plants 
in  the  United  States,  giving  particular  attention  to  the  fuels  used,  the 
efficiencies  obtained,  and  the  operating  troubles  or  other  drawbacks 
reported  by  owners.  To  get  further  particulars  regarding  the  possi- 
bility of  utilizing  fuels  undeveloped  or  wasted,  the  writer  was  author- 
ized to  visit  those  European  countries  where  gas  producers  and  gas 
engines  are  more  widely  used  than  in  the  United  States  and  to  inspect 
those  plants  which  had  been  most  successful  in  utilizing  poor  fuels. 
The  writer  made  this  trip  of  inspection  in  the  fall  of  1908  and  visited 
plants  in  ten  countries  during  a  two-month  journey. 

Because  the  limited  time  available  would  not  permit  a  careful  inspec- 
tion, much  less  a  detailed  study  of  all  the  plants  visited,  the  writer  has 
not  aimed  in  this  bulletin  to  present  a  comprehensive  review  of  pro- 
ducer-gas power-plant  development  in  Europe,  or  even  to  give  such 
conclusions  as  might  be  drawn  from  what  he  saw,  but  has  simply 
described  some  interesting  features  of  European  practice  that  attract 
the  attention  of  even  a  casual  observer.     Inasmuch  as  his  journey 
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was  made  with  the  special  purpose  of  studying  the  utilization  of  low- 
grade  fuels,  only  passing  attention  was  given  to  producer  plants  of 
standard  types  using  anthracite  or  other  high-grade  fuel.  For  that 
reason,  and  also  for  the  reason  that  the  reliability  of  producers  running 
on  anthracite  is  well  established,  this  report  merely  outlines  certain 
important  features  of  European  practice  with  suction  producers  using 
anthracite  or  coke. 

The  writer  takes  this  opportunity  to  acknowledge  the  courtesies 
shown  him  at  the  plants  he  visited,  and  to  thank  most  cordially  the 
many  persons  who  in  one  way  or  another  aided  him  to  obtain  the 
information  he  sought. 

TJSE  OF  AKTHBACITB  0&  OOXB. 

Suction  producers  fed  with  anthracite  or  coke  are  in  general  use 
at  small  power  plants  in  Great  Britain  and  on  the  Continent. 
They  seem  to  give  satisfaction,  although  their  operating  cost  is 
apparently  somewhat  greater  than  the  figures  stated  by  the  manu- 
facturers. The  number  of  producer-gas  power  plants  in  England 
has  become  so  large  that  it  is  said  to  have  caused  an  advance  in  the 
price  of  anthracite.  In  one  city  I  was  told  that  the  price  of  a  grade 
of  anthracite  had  been  $4.86  a  ton  before  the  introduction  of  ga»- 
producer  plants,  but  had  risen  to  $7.25  since. 

Coke  is  used  abroad  much  more  generally  than  in  this  country. 
Many  users  say  that  it  gives  best  results  when  it  is  crushed  to  walnut 
size.  Some  English  power-plant  owners,  to  reduce  fuel  bills,  used  a 
mixture  of  the  two  fuels  (coke  and  anthracite)  in  their  producers,  as 
the  price  of  coke  in  1908  was  about  $3.75  a  ton. 

A  manufacturer  of  a  suction  plant  in  general  use  advertises  ''20 
h.  p.  hours  for  Id.''  on  coke.  The  writer  investigated  one  of  these 
plants  and  was  informed  by  the  owner  that  although  coke  cost  him 
only  about  one-half  as  much  as  anthracite  he  was  obliged  to  use 
twice  as  much,  so  that  the  expense  for  fuel  was  practically  the  same 
whichever  fuel  he  used.  Under  average  conditions  the  fuel  cost  of 
power  was  1  penny  for  about  9  horsepower-hours.  Under  the  best 
conditions  the  plant  might  develop  12  or  14  horsepower-hours  on  1 
penny's  worth  of  fuel,  but  would  not  develop  20  horsepower-hours  on 
that  quantity. 

In  Belgium  the  anthracite  generally  used  in  suction  plants  seems 
to  give  entire  satisfaction.  At  some  plants  it  was  reported  that  the 
anthracite  contained  6  to  8  per  cent  ash,  practically  no  sulphur,  and 
little  tar.  The  coal  shows  little  tendency  to  cake,  and  its  average 
heat  value  is  13,500  B.  t.  u.  per  pound.  It  costs  $3  to  $4  per  ton  at 
the  mine. 

In  Germany  gas  producers  of  both  the  suction  and  pressure  types 
bum  anthracite,  and  all  kinds  and  sizes  of  gas  engines  are  built  to 
run  on  producer  gas.  In  1908  one  company  was  turning  out  400 
engines  a  month,  most  of  which  were  to  use  this  gas. 
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Small  producer-gas  plants  of  the  suction  type  that  used  good  anthra- 
cite were  reported  to  require  from  0.7  to  1  pound  of  water  for  the 
vaporizer  and  from  10  to  15  pounds  of  scrubber  water  for  each  pound 
of  coal  fired. 

One  practice  of  some  of  the  engine  manufacturers  in  Europe  that 
deserves  commendation  is  not  to  overrate  their  engines.  For 
example,  many  engines  rated  at  50  will  show  60  brake  horsepower 
continuously  under  test;  and  those  rated  at  35  to  40  will  show  50 
horsepower.  This  gives  an  overload  capacity  of  apparently  20  to 
30  per  cent. 

Some  of  the  companies  that  formerly  made  all  their  producer-gas 
engines  of  the  hit-and-miss  type  now  make  all  their  large  ones  of  the 
constant-mixture,  throttled  type. 

Some  manufacturers  showed  suction-type  producer  outfits  espe- 
cially designed  for  burning  anthracite  screenings.  These  outfits 
seemed  to  be  of  serviceable  design  and  construction,  but  the  author 
saw  none  in  operation  outside  of  the  works  of  the  various  manu- 
facturers. 

PLANT  AT  BCHEVENINOEN;  HOLLAND. 

One  of  the  most  interesting  of  the  suction-type  plants  burning 
anthracite  which  were  visited  is  the  central  lighting  plant  at  Scheven- 
ingen,  Holland.     The  details  of  this  are  noted  below: 

Number  of  producers:  6. 

Type  of  producers:  Suction. 

Rated  capacity  of  producers:  350  horsepower  each. 

Number  of  engines:  5. 

Make  of  engines:  Ntkmberg. 

Type  of  engines:  Horizontal,  double-acting,  tandem,  direct  connected  to  235* 

kw.  generators. 
Rated  capacity  of  engines:  350  horsepower  each. 
Engines  in  ox)eration:  1  by  day,  4  at  night. 
Use  of  power:  Lighting  city. 
Service  hours  a  day:  Twenty-four  hours  for  one  engine;  variable  number  at 

night  for  the  others. 
Number  of  men  required:  At  night,  1  in  producer  room,  3  in  engine  room,  and 

1  at  switchboard. 
Fuel  used:  Selected  lump  anthracite;  4,  6,  and  8  inch  lumps. 
The  scrubbers  contain  wooden  slats  and  a  water  spray. 
A  special  tar  extractor  used  consists  of  iron  plates  full  of  small  holes.    These 

plates  revolve  slowly  and  dip  in  a  warmed  hydrocarbon  oil  that  dissolves  the 

tar. 
Large  purifiers  containing  iron  oxide  and  shavings  are  used  for  removing  the 

sulphur. 
An  exhauster  draws  the  waste  gases  from  the  engines  and  forces  them  into  a 

chimney,  thus  reducing  the  back  pressure  on  the  engines. 
A  particularly  important  feature  of  the  plant  is  the  setting  of  the  engines  in  such 

manner  that  all  parts  are  easily  accessible. 
At  the  time  of  the  writer's  visit  m  1908  this  planl  had  been  in  operation  four  and 

one-half  years  and  had  given  excellent  service. 
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trm  OF  BrrumNOTTS  coal. 

At  the  large  producer-gas  power  plants  in  Europe  bituminous  coal 
is  generally  used,  both  at  those  which  save  by-products  and  at  those 
which  do  not.  With  one  or  two  notable  exceptions,  however,  there 
seems  to  be  no  attempt  to  utilize  low-grade  fuels.  In  fact,  the  coals 
burned  in  power-gas  producers  are  apparently  especially  selected  for 
such  use.  Most  of  the  manufacturers  state  that  they  confine  their 
attention  to  making  producers  for  short-flaming  coals  that  are  low  m 
ash  and  in  tar  and  do  not  cake,  although  one  manufacturer  claims 
his  producers  give  no  trouble  with  high-ash  fuels  and  beUeves  he  can 
run  them  on  coal  containing  an  extremely  high  ash  content,  provided 
the  coal  is  not  a  caking  variety. 

The  cost  of  average  grades  of  bituminous  coal  in  one  section  of 
England  is  given  as  $2.25  per  ton  and  in  Sweden  as  about  $3.75. 

■ 

PLANT  AT  A  TOWN   IN   WALES. 

At  an  installation  in  Wales  of  the  by-product  type,  which  com- 
prises two  pressure-producer  units  of  1,250  horsepower  each,  the 
engineer  stated  that  the  coal  used  contained  23  per  cent  ash,  27  per 
cent  volatile  matter,  and  2  to  3  per  cent  sulphur.  In  1908,  when  one- 
half  of  this  plant  was  in  operation,  none  of  the  sulphur  was  removed 
from  the  gas.  At  this  plant  the  producers  have  asbestos  jackets,  and 
the  engineer  claimed  that  these  jackets  increased  the  efficiency  5  per 
cent.     Some  of  the  details  of  this  plant  are  as  follows : 

Number  of  producers:  2.    (Only  one  in  use  at  time  of  vifiit,  tlie  second  having 

just  been  erected.) 
Make  of  producers:  Crossley. 
Type  of  producers:  Pressure. 

Rated  capacity  of  producers:  (10  feet  in  diameter)  1,250  horsepower  each. 
Number  of  engines:  4. 
Make  of  engines:  Crossley. 

T3rpe  of  engines:  Horizontal,  two-cylinder,  opposed,  single-acting. 
Rated  capacity  of  engines:  350  horsepower  each. 
Load  carried:  350  horsepower  at  the  time  of  my  visit. 
Use  of  power:  Electric  power  about  works;  gas  also  used  for  heating  purposes. 
Number  of  men  required:  Engineer  in  charge,  2  men  on  the  producers  and  1  in 

the  engine  room,  each  shift, when  running  full  load. 
Methods  of  charging  producers:  At  full  load  the  fuel  is  charged  and  the  fuel  bed 

poked  about  every  hour,  but  at  times  every  forty-five  minutes. 
Kind  of  fuel:  Bituminous  coal  reported  to  contain  23  per  cent  ash  and  27  per 

cent  volatile  matter. 

The  producers  operate  on  the  Taylor  principle.  Between  the  gas 
generator  and  the  economizer  is  a  baffle  box  that  prevents  dust  and 
other  impurities  from  passing  into  and  clogging  the  economizer  pipe. 
The  economizer  and  the  coke  scrubbers  are  of  the  design  usually  made 
for  such  producers,  and  the  tar  extractor  is  of  the  centrifugal  type. 
The  4ar  thrown  out  by  the  extractor  proves  a  valuable  by-product, 
as  indicated  on  page  12. 
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The  process  of  cleaning  the  gas  and  some  other  features  of  the  plant 
are  especially  interesting.  The  gas  after  passing  through  the  tar 
extractor  goes  to  a  sawdust  scrubber,  which. removes  tar  and  dust  as 
well  as  moisture.  There  are  two  of  these  sawdust  scrubbers,  either 
of  which  can  be  by-passed  and  run  independently  to  facilitate  the 
cleaning  of  the  other. 

No  gas  tank  is  used.  A  small  holder,  about  30  inches  in  diameter, 
is  connected  to  the  gas  pipe  supplying  the  engine  and  to  an  electric 
resistance  switch  which  controls  the  motor  for  the  Root  blower  that 
gives  the  blast  for  the  gas  generator.  When  the  pressure  in  the  gas 
main  decreases  the  holder  falls,  pulls  the  switch,  and  speeds  up  the 
blower. 

The  necessary  steam  for  the  producer  is  made  in  an  auxiliary  boiler 
heated  by  the  gases  from  the  producer.  It  is  claimed  that  by  means 
of  this  special  arrangement  for  generating  steam  in  a  ''hot-gas" 
boiler  through  the  sensible  heat  of  the  gases  only  a  small  percentage 
of  the  total  steam  required  has  to  come  from  the  independent  auxil- 
iary boiler.  When  the  load  is  light  no  steam  is  ftimished  by  the 
"hot-gas"  boiler,  but  with  full  load  this  boiler  supplies  about  0.7 
of  all  the  steam  required. 

The  grate  in  the  gas  generator  is  conical  and  of  the  revolving  type. 
The  continuous  removal  of  ashes  is  made  possible  by  a  water  seal. 
In  the  operation  of  the  producer  the  ash  bed  is  kept  about  3^  or  4  feet 
thick  and  the  fuel  bed  about  14  feet  thick. 

One  of  the  special  advantages  claimed  by  the  manufacturers  for 
this  producer  is  that  low-grade  fuels  containing  high  percentages  of 
noncombustible  matter  can  be  handled  successfully.  Care  must  be 
taken,  however,  not  to  use  a  caking  coal. 

The  following  illustration  (fig.  1),  kindly  supplied  by  Messrs. 
Crossley  Brothers,  Manchester,  England,  shows  the  principal  features 
of  the  plant  described.  The  foundations  for  the  new  half  of  the  plant 
are  shown  in  the  foreground. 

RECOVERY  OF   BY-PRODUCTS. 

Owinjg  to  the  fact  that  the  wholesale  price  of  sulphate  of  ammonia 
in  the  principal  markets  is  from  $55  to  $60  a  ton,  the  recovery  of 
ammonia  as  a  by-product  in  the  manufacture  of  producer  gas  is  a 
very  tempting  project.  The  possible  financial  return  seems  especially 
inviting  when  one  realizes  that  a  ton  of  the  ordinary  grades  of 
bituminous  coal  yields  when  gasified  about  90  pounds  of  sulphate  of 
ammonia.  In  addition,  it  is  often  possible  to  find  a  market  for  the 
pitch  and  tar  produced. 

Anthracite  is  not  suited  for  any  profitable  ammonia  recovery 
process,  owing  to  its  small  percentage  of  nitrogen  and  also  to  its  high 
first  cost;  but  the  cheaper  grades  of  bituminous  coal,  with  an  average 
content  of  about  1.3  per  cent  nitrogen,  are  especially  adapted  to  the 
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successful  operatioQ  of  by-product  plants,  provided  the  plants  ore 
of  sufficient  capacity  to  reduce  the  operating  expenses  and  fixed 
charges  per  unit  of  output  to  a  reasonable  figure.  Attempts  to 
recover  by-products  at  plants  of  small  horsepot^r  have  not  proved 
successful  financially.  The  impression  the  writer  gathered  abroad 
is  that  no  attempt  should  be  made  to  recover  by-products  in  plants 
of  less  capacity  than  4,000  horsepower,  although  by-product  recovery 
plants  of  much  smaller  size  are  in  operation. 

HOND-OA8   PLANT   AT   DUDLBY   PORT,  BNOLAND. 

One  of  the  most  interesting  by-product  installations  in  Europe 
is  the   16,000-horsepower  Mond-gas  plant    at  Dudley  Fort,   South 


FiovBs  1.— Lirgegu-iinxlunrpUnt  uilDg  bllumioouioMl. 

Staffordshire,  England.  This  plant  presents  so  many  striking 
features  that  the  details  obtained  during  a  brief  inspection  are  given 
below: 

Number  of  producetn:  8  (2  in  reserve). 
Make  of  producers:  Mond. 
Type  of  producers:  Preasure. 

Rated  capacity  of  producen;  2,500  horsepower  each. 
Number  of  engines:  2. 
Make  of  eagiaee:  Westiughouse. 
Type  of  engiaes:  Vertical,  siDgle-actiag;,  3-cylinder. 
Rated  capacity  of  enginet;  250  horsepower  each. 
Uoura  of  operation  a  day:  Twenty-four. 

Fuel  used:  Called  slack,  but  the  writer  would  designate  i:  "run  of  mine," 
although  it  is  considerably  broken. 
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The  coal  was  reported  to  contain  8  to  9  per  cent  ash  and  only  1  to  2 
per  cent  sulphur.  The  writer  understands  that  the  coal  formerly 
bought  contained  from  13  to  23  per  cent  ash,  but  because  the  cost 
was  too  high  the  company  operating  the  plant  finally  procured  a  coal 
mine,  and  this  yields  the  better  grade  of  coal  indicated.  The  coal 
is  brought  to  the  works  by  canal  boats,  as  shown  in  the  general  view  ^ 
of  the  plant  given  in  A^  Plate  I. 

The  machinery  necessary  for  circulating  the  acid  liquor  and  water, 
the  boilers  for  generating  steam,  and  the  other  auxiliaries  of  the 
plant  are  housed  in  the  buildings  shown. 

Only  a  small  portion  of  the  gas  generated  is  used  in  the  plant  itself, 
because  the  purpose  of  the  project,  aside  from  the  recovery  of  sul- 
phate of  ammonia,  is  to  distribute  producer  gas  to  the  manufacturing 
plants  in  the  neighboring  towns,  which  use  it  for  a  variety  of  com- 
niercial  purposes.  The  outgoing  gas  lines  are  visible  at  the  extreme 
right  in  A,  Plate  I.  The  main  distributing  line  is  3  feet  in  diameter. 
A  better  idea  of  the  producers  is  obtained  from  the  view  given  in 
Plate  II. 

The  gas  is  sent  into  the  mains  at  a  pressure  of  5  poxmds  per  square 
inch.  The  gas  ends  of  the  compressing  system  are  shown  in  B, 
Plate  I.  At  the  time  of  the  writer's  visit  (August,  1908)  there  were 
in  use  37  miles  of  gas  mains,  the  longest  single  run  being  6^  miles. 

There  is,  of  course,  a  ready  market  for  the  main  product  of  this 
plant — sulphate  of  ammonia.  The  yield  amounts  to  80  or  90  pounds 
per  ton  of  coal  fired,  as  previously  stated,  and  the  return  is  approxi- 
mately $2.25  for  each  ton  of  coal  gasified.  Each  producer  when  in 
operation  gasifies  on  an  average  during  a  month  20  tons  of  coal  each 
twenty-four  hours. 

The  tar  by-product,  which  amounts  to  considerable  in  a  plant  of 
this  size,  is  also  sold — some  for  roofing,  some  for  paving,  some  for 
briquetting,  and  some  for  use  in  distilleries. 

The  steam  required  by  the  plant  is  generated  in  Climax  boilers, 
which  are  so  arranged  that  either  coal  or  producer  gas  or  both  may 
be  used  as  fuel. 

The  gas,  after  passing  the  centrifugal  tar  extractors,  is  cleaned 
by  means  of  a  sawdust  purifier  to  insure  its  freedom  from  tar  before 
it  is  turned  into  the  mains,  as  a  plug  in  the  mains  underground 
would  be  serious.  That  the  method  of  cleaning  has  proved  effective 
is  shown  by  the  following  statement  made  by  Mr.  Humphrey  in  a 
letter  received  a  few  months  ago:  ''Since  the  plant  started  four  years 
ago  the  pressure  has  never  been  out  of  the  mains  and  the  supply  has 
never  failed." 

a  Permission  to  publish  the  illustrations  of  the  Mond  plant  was  obtained  through  the  oourtesjof  H.  A. 
Hmnphisy,  consulting  engineer,  I<ondon. 
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irnUZATION  OF  TAB. 


In  the  pressure-producer  plants  the  tar  is  extracted  mechanicallj 
and  forms  a  by-product  which  is  usually  of  little  commercial  value; 
consequently,  it  becomes  a  nuisance  about  the  premises  and  must 
be  drained  or  carted  away.  At  some  places  attempts  are  made  to 
bum  it,  either  in  furnaces  or  in  the  producers  themselves,  but  in 
general  such  attempts  have  not  met  with  favor,  save  possibly  for 
certain  types  of  down-draft  producers. 

One  method  of  utilizing  the  refuse  tar  in  vogue  at  certain  foreign 
plants  is  to  mix  it  with  the  ash  and  then  to  spread  the  mixture  in  the 
yards  for  walks,  roads,  etc.  There  is  a  limit  to  this  use,  however,  as 
the  entire  yard  eventually  becomes  covered  to  the  maximum  depth 
allowable.  As  already  stated,  the  tar  from  the  plant  at  Dudley  Port 
is  sold  to  advantage. 

At  one  European  plant  visited  there  is  special  equipment  for 
handling  the  tar  and  preparing  it  for  conunercial  use.  The  tarry 
water  runs  into  a  large  vat  or  cistern  and  most  of  the  tar  is  separated 
from  the  water  as  the  mixture  passes  over  a  series  of  screens.  The 
tar  with  a  reduced  percentage  of  water  is  then  drawn  off  into  a  lai^ge 
tank  fitted  in  the  bottom  with  pipes  for  exhaust  steam.  By  means 
of  the  steam  the  tar  is  kept  warm  enough  to  facilitate  its  being 
pumped  through  a  pipe  line  to  tank  cars  on  the  near-by  railroad. 
The  tar  as  shipped  often  contains  as  much  as  20  per  cent  water. 

The  average  weight  of  water-free  tar  recovered  in  this  plant  is  90 
pounds  from  each  ton  of  fuel  fed  to  the  producer.  The  water-free 
tar  sells  for  about  $4.25  a  ton,  a  price  which  yields  a  return  of  approx- 
imately 19  cents  on  each  ton  of  coal  fired,  not  taking  into  account 
fixed  charges  and  the  labor  expense  of  separating  the  tar.  These 
items,  however,  amount  to  Uttle.  The  tar  is  used  as  a  binder  for 
fuel  briquets  and  as  a  basis  for  various  medicines. 

PROGRESS   IN  DESIGN  OF   SBfALL   SUCTION   PLANTS. 

In  Europe,  the  demand  for  small  power  plants  to  use  bituminous 
coal  is  quite  as  evident  as  in  this  country.  The  leading  manufacturers 
of  gas  producers  are  all  working  on  suction  plants  for  bituminous  coal, 
and  each  apparently  feels  that  his  model  is  the  only  successful  one. 
But  each  manufacturer  places  special  restrictions  on  the  kinds  of  fuel 
that  may  be  used.  One  manufacturer  states  that  the  bituminous 
coal  to  be  used  in  the  suction  plant  of  his  design  must  be  of  good 
quality,  low  in  ash  (say  8  to  10  per  cent  as  a  maximum)  and  non- 
caking,  and  must  not  contain  more  than  7  per  cent  tar.  Another 
manufacturer  makes  the  statement  that  for  other  than  anthracite 
coals  the  users  of  his  producers  confine  their  attention  to  short- 
flaming,  low-ash  fuels  that  yield  little  tar  and  do  not  cake. 
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PLANT  AT  A  TOWN  IN  QSSMANY. 


Although  the  writer  saw  several  of  these  suction  plants  especially 
designed  for  bituminous  coal,  he  found  only  one  in  actual  operation. 
This  was  a  double-zone  plant  of  250  horsepower  supplying  gas  to  a 
150-horsepower  horizontal  single-acting  twin  engine.  The  coal  used 
was  reported  to  contain  25  per  cent  ash  and  2  per  cent  sulphur.  It 
was  claimed  that  so  long  as  the  coal  was  noncaking  such  high  ash 
content  gave  no  trouble.  In  this  installation  it  was  imperative  that 
only  coals  possessing  certain  quaUties  should  be  used.  To  comply 
with  these  limitations  it  was  often  necessary  to  procure  three  varieties 
of  coal  and  to  mix  them  in  the  proper  proportion.  All  fine  coal  was 
sifted  and  the  dust  was  thrown  out  to  prevent  matting.  With  such 
restrictions  imposed  it  is  difficult  to  see  how  similar  plants  can  meet 
conmiercial  demands.  All  the  makes  of  suction  plants  for  bituminous 
coal  that  were  inspected  were  of  the  double-zone  design. 

USE   OF  LOW-OBADE   COAL. 

The  general  situation  in  Europe  regarding  the  use  of  low-grade 
bituminous  coal  is  not  much  unlike  the  situation  here.  For  the  most 
part  the  better-grade  coals  are  being  used  and  the  poorer  grades  are 
being  left  in  the  mines.  It  is  true,  however,  that  this  condition  is 
recognized  abroad  as  a  serious  one,  and  there  is  deep  interest  in  the 
possible  utilization  of  low-grade  fuels  in  the  gas  producer. 

In  discussing  the  matter  with  the  writer,  one  of  the  best  informed 
producer-gas  experts  of  England  expressed  the  opinion  that  the 
proper  way  of  beginning  investigations  relating  to  the  general  develop- 
ment of  the  field  for  producer  gas  was  to  take  up  the  utilization  of 
low-grade  fuels.  He  said  that  such  utilization  was  as  important  in 
England  as  in  America,  and  regretted  that  more  active  work  along 
this  line  had  not  been  undertaken  in  the  former  country.  He  also 
said  that  plants  for  low-grade  fuels  will  eventually  be  perfected  by 
working  on  a  basis  different  from  the  present,  for  he  believed  many 
radical  departures  from  the  practice  of  to-day  must  be  made  to  get 
the  proper  solution  of  the  problem. 

By  careful  inquiry  the  writer  was  able  to  learn  of  only  two  plants 
that  are  endeavoring  to  use  low-grade  coal  extensively.  One  of  these 
plants  at  the  time  of  his  visit  was  still  regarded  as  in  the  experimental 
stage,  though  it  had  been  erected  a  year  before  and  had  given  excel- 
lent satisfaction  for  several  months.  This  plant  was  of  the  Mond 
by-product  type,  with  details  modified  to  suit  the  peculiar  require- 
ments of  the  low-grade  high-ash  material  used  as  fuel.  This  mate- 
rial consisted  of  a  mixture  of  three  varieties  of  refuse,  namely,  small- 
size  waste  material  from  the  principal  dump  of  the  mine,  large  pieces 
of  clay  and  rock  that  when  broken  showed  traces  of  coal,  and  fine 
sludge  from  the  coal  washery.     The  first  of   these  materials  was 
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reported  to  contain  between  60  and  70  per  cent  ash  and  the  others  con- 
tained smaller  percentages,  so  that  the  total  ash  content  of  the  mix- 
ture as  charged  into  the  producers  was  between  50  and  55  per  cent. 
A  particularly  interesting  point  noted  was  that  large  earthj  slabs 
containing  almost  no  coal  yielded  a  high  percentage  of  nitrogen,  in 
many  instances  far  above  that  obtained  from  the  coal. 

Doctor  Frank,  who  is  greatly  interested  in  the  possibilities  of  this 
type  of  plant,  informed  the  writer  that  it  was  possible  to  recover  80  per 
cent  of  the  nitrogen  in  the  fuel.  From  fuel  containing  3  per  cent 
nitrogen  he  believed  the  yield  of  sulphate  of  ammonia  might  amount 
to  about  140  kilograms  per  metric  ton  (1,000  kilograms)  of  fuel,  and 
that  under  these  conditions  the  gas  for  power  could  be  regarded  as 
costing  nothing.  From  the  refuse  fuel  used  in  the  plant  under  dis- 
cussion he  stated  that  the  yield  of  sulphate  amounted  to  20  or  more 
kilograms  (44  or  more  pounds)  and  the  power  equivalent  of  the  gas 
was  500  horsepower-hours  per  ton  of  coal  fired. 

THE  JAHNS    ''BINO''  PBODUGEB. 

The  other  plant  for  the  utilization  of  low-grade  bituminous  coal  was 
the  Jahns  ''ring"  gas-producer  plant  at  the  Von  der  Heydt  royal  col- 
Uery,  near  Saarbrucken,  Germany.  The  details  of  this  are  so  exceed- 
ingly interesting  that  the  following  brief  extracts  have  been  taken 
from  a  description  published  by  Mr.  Jahns: 

Gas  producers  with  a  single  combustion  chamber  as  hitherto  used  are  generally 
replenished  from  time  to  time  with  fresh  fuel  fed  in  at  the  top.  Consequently  the  tar 
content  of  the  gas  from  such  producers  varies  between  low  and  high. 

The  "ring"  producer  is  characterized  by  several  combustion  chambers  placed  side 
by  side  that  can  be  connected  through  passages  in  such  manner  (the  purpose  of  the 
producer  being  to  generate  gas  that  contains  little  or  no  tar)  that  the  products  of  distil- 
lation have  to  pass  through  large  quantities  of  highly  incandescent  fuel. 

A  ''ring"  producer  has  at  least  two  chambers,  large  "ring"  producers  have  three  or 
four  chambers,  and  a  large  producer  plant  always  has  several  "rings."  Figure  2 
illustrates  the  type  of  "ring"  producer  in  use  at  the  Von  der  Heydt  royal  colliery. 
Four  chambers  (I,  II,  III,  IV)  form  one  ring  of  this  plant,  which  consists  altogether  of 
five  rings. 

At  the  intersection  of  the  partition  walls  of  the  four  chambers  is  a  vertical  flue  or 
channel  (a,  fig.  2).  Fkissages,  6,  from  the  top  and  bottom  of  each  chamber  lead  into  this 
channel;  these  passages  can  be  opened  or  closed  separately.  In  the  upper  part  of  the 
passage  a  is  a  steam  injector  that  increases  the  suction  through  the  chambers  which 
are  in  course  of  preparation — that  is,  those  which  were  charged  last — in  order  to  expel 
the  volatile  matter  of  the  coal  as  quickly  as  possible  and  to  bring  the  charge  up  to  the 
required  heat.  The  steam  from  this  injector  is  used  for  producing  gas  in  the  gasifying 
chamber. 

The  grate  consists  of  separate  bars  which  can  be  driven  out  when  fuel  containing 
large  quantities  of  slack  is  used,  so  that  the  refuse  can  drop  freely  into  the  ash  pit  after 
the  producer  is  burned  out.  If  fuels  containing  comparatively  little  slack  and  low 
in  ash  are  to  be  used,  a  fixed  grate  which  admits  of  drawing  clinker  and  ashes  at  any 
time  is  put  in.  The  ash  pita  are  closed  by  plain  doors  and  slides.  The  hot  refuse 
remains  in  the  ash  pit  or  on  the  grate  until  aU  its  available  heat  has  been  used  to  pre* 
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he&t  the  ail  supply  and  to  generate  additional  eteam.  Afterwarde  it  is  removed  in 
sah  trucki. 

If  a  plant  is  to  be  used  for  aimultanoouHly  producing  gaa  for  heating  and  for  power, 
it  has  two  separate  gas  mains  and  gaa  exhauBt«rH. 

No  charging  is  done  while  the  chambeca  are  working  in  the  order  in  which  they  were 
ignited.  The  chambers  are  suitably  connected  with  each  other  through  the  cenlzal 
flue,  and  the  injector  draws  the  steam  and  the  tar-containing  gaaea  of  the  later  kindled 
producere  through  the  previously  kindled  produceis,  which  are  connected  to  the  gas 
main.  At  the  same  time  the  air  supply,  mixed  with  steam  and  heated  by  the  refuse 
in  the  ash  pit  and  on  the  grate,  is  sucked  into  the  chambers  at  the  bottom. 

According  to  the  scheme  outlined  above,  the  process  of  gas  production  in  the  Jahns 
"ring"  producer  is  divided  nonnally  into  two  stages,  as  followe; 

(a)  Gas  expulsion  or  distillation,  which  may  be  called  the  preparatory  stage. 

(b)  Gaaificatum. 

In  the  multichamberproducerthedurationofthe  preparatory  etageisonly  a  fraction 
of  that  of  the  gasification  stage.  In  a  "ring''  generator,  therefore,  several  chambers 
may  be  prepared  one  after  the  other  during  the  gasification  period  of  one  chamber — 


Fiouu  2.— Jahiu  '■rtng"prDdDCBrst  tba  Von  der  Hc^dt  rojal  colliorj-,  near  Saaibrilrkim,  Gtrmanj. 

in  a  three-chamber  producer  two  and  in  a  four-chamber  producer  three  chambers — 
so  that  as  a  rule  only  one  chamber  is  in  preparation  when  two  or  three  chambeie  are 
supplying  gas.  Therefore,  the  total  working  period — that  is  to  say,  the  combined 
preparation  and  gasification  time — is  the  working  period  of  a  whole  ring,  and  the 
capacity  of  a  ring  is  equal  to  the  capacity  of  a  sii^le  chamber  multiplied  by  the  number 
of  chambers. 

The  gasee  from  the  chambere  in  preparation  are  led  into  or  under  the  combustion 
zone  of  previously  kindled  chambers,  where  they  are  burned  or  fixed  (made  permanent) 
and  are  drawn  off  with  the  gases  of  these  chambers.  In  the  gasificatinn  chamber  the 
incandescent  fuel  decomposes  the  incoming  gasew  from  the  preparatory  chambers  and 
produces,  according  to  the  degree  and  manner  of  preparation,  gaflca  that  are  poor  in 
tar  and  become  with  advancing  gasification  still  poorer  in  tar.  Nevertheless,  the  mix- 
tiiie  of  gases  from  several  chambers  remains  uniform  because  the  chambers,  as  they 
were  lighted  at  different  tlmee,  are  in  different  stages  of  gas  production. 

The  power  gas  contains  only  such  tar  vapors  aa  are  not  volatile  at  the  temperature 
rftheproducer,  and  since  they  do  not  decompose  in  contact  with  the  glowing  coal,  can 
be  considered  as  permanent. 


16        PBODUCERnGAS  POWER-PLA.NT  DEYELOPMRNT  IN   EUROPE. 

If  in  the  couise  of  the  procees  the  carbon  of  the  charge  in  the  first  chamber  is  gasified 
and  consumed  to  such  a  degree  that  it  can  no  longer  decompose  the  gases  from  the  pre- 
paratory chambers  and  the  steam  from  the  injector,  this  chamber  is  shut  off  from  the 
gas  main  and  its  connection  to  the  central  channel  changed;  the  steam  injector  then 
forces  combustion  again,  the  carbon  in  the  charge  bums  to  GO2,  and  the  OO2  formed  is 
decomposed  in  the  other  chambers. 

This  period  of  complete  combustion,  or  CO,  formation,  is  called  the  '^running  out" 
period,  and  serves  to  heat  the  chamber  walls  to  a  high  temperature  for  the  following 
preparatory  period.  At  the  end  of  the  '* running  oiit"  period  ashes  and  clinker  are 
dropped  into  the  ash  pit;  the  chamber  is  then  refilled  and  started  as  the  last  chamber 
of  the  series. 

The  emptying  and  recharging  of  a  chamber  take  place  when  it  is  disconnected  from 
the  gas  main,  and  when  other  chambers  are  producing  gas;  gas  production  is,  therefore, 
neither  interfered  with  nor  interrupted.  At  the  same  time  the  steam  injector  main 
tains  a  pressure  below  atmospheric  in  the  chamber,  so  that  all  manipulation  can  be 
carried  out  easily  and  without  danger. 

The  s^ond  chamber  to  be  fired  takes  up  the  function  of  the  first  one  and  is  treated 
just  as  the  first  was  treated;  consequently  it  does  not  make  any  difference  how  many 
chambers  of  the  ring  are  connected  to  the  gas  main. 

The  method  of  operation  just  described  renders  possible  the  direct  production  from 
bituminous  coal  of  gas  suitable  for  either  heating  or  power  purposes,  and  not  only  from 
pure  coals,  but  also  from  those  containing  large  amounts  of  slack. 

The  power  gas  is  drawn  off  by  means  of  an  exhauster  or  a  steam  injector;  the  latter 
may  also  serve  to  separate  any  tar  vapors  that  may  be  carried  over  when  the  producere 
are  not  wojrked  with  sufficient  care.  The  gas  is  passed  through  a  scrubber  and  a  saw- 
dust cleaner  to  purify  and  dry  it  and  then  passes  to  the  gas  holder,  if  one  is  used,  or  to 
the  engines.  The  exceedingly  simple  cleaning  device  requires  no  attention  whatso- 
ever. The  calorific  value  of  the  gas  is  constantly  shown  in  a  very  simple  manner — ^that 
is,  by  a  small  test  flame  from  a  jet  tapping  the  pipe  leading  from  the  cleaner;  the  gen- 
eral appearance  and  color  of  the  flame  will  enable  anybody  after  a  brief  experience  to 
estimate  the  heat  value  of  the  gas. 

At  the  Von  der  Heydt  royal  colliery  a  generating  plant,  consisting  of  five  rings  each 
with  four  chambers,  has  been  in  continuous  operation  since  April,  1904.  The  results 
obtained  there  will  certainly  confirm  all  that  has  been  said  about  the  suitability  and 
reliability  of  the  ''ring"  producer.  The  generators  are  chaiged  with  the  refuse  sepa- 
rated from  the  coals.  This  refuse  contains  on  an  average  only  20  per  cent  of  good  coal 
and  was  formerly  thrown  on  the  dump. 

The  charging  must  be  done  at  about  seven-hour  intervals,  since  the  average  burning 
time  of  a  chamber  with  a  charge  of  about  4  tons  when  producing  power  gas  is  about 
twenty-six  to  twenty-eight  hours.  This  time  is  that  of  a  producer  with  four  chambeiB 
in  the  ring.  When  fuel  of  better  quality  is  chaiged  the  working  time  of  the  chamber 
tmder  similar  conditions  is  shorter.  It  will  be  seen  that  all  the  attendance  required 
is  to  inspect  the  incandescence  of  the  chaige  and  to  clean  out  the  clinkers.  The 
whole  working  of  the  plant  is  so  simple  that  unskilled  labor  may  be  employed. 

The  gas  obtained  is  used  under  steam  boilers  and  In  gas  engines.  One  of  the  latter, 
giving  an  output  of  60  horsepower,  has  been  at  work  without  a  stop  since  July,  1904, 
and  the  other  engine,  output  175  horsepower,  was  started  in  September,  1904,  and  has 
been  going  ever  since. 

The  gas  engines  are  single-acting,  four-cycle  engines,  the  laiger  one  of  twin  type. 
The  GO-horsepower  engine  drives  the  electric  light  generator  and  also  the  ventilators 
for  th^  producer  plant;  it  is  running  day  and  night  with  varying  load.  The  175- 
horsepower  engine  drives  a  generator  producing  multiphase  current  that  supplies  an 
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undeiground  pumping  plant  (for  sixteen  hours  a  day)  and  the  machine  shop  situated 
about  300  yards  away.  It  also  works  a  transfer  table  at  the  colliery  station.  The  two 
engines  have  to  take  a  combined  load  of  120  horsepower  for  twenty-four  hours  each 
day.    So  hi  they  have  run  continuously  without  any  trouble  or  irregularity. 

At  the  time  of  his  visit  in  1908  the  writer  found  the  producers  in 
full  operation,  using  roofing  slabs  that  upon  casual  inspection  gave 
little  indication  of  containing  any  combustible  material.  It  was  said 
that  this  fuel  averaged  over  60  per  cent  ash,  a  claim  which  seemed 
entirely  reasonable.  The  plant  was  reported  to  be  using  over  100 
tons  a  day  of  this  low-grade  fuel. 

The  producer  plant  had  been  enlarged  and  was  not  only  supplying 
gas  to  a  number  of  furnaces,  but  also  to  a  l,000-horsep6wer  and  a 
250-horsepower  gas  engine.  A  500-horsepower  engine  was  being 
added  to  the  equipment.  The  engines  were  direct  connected  to 
electric  generators.  The  10,000-volt  current  was  used  for  driving 
the  local  mine  machinery  and  also  for  furnishing  Ughts  in  neighboring 
towns  and  power  for  a  street  railroad. 

USE  OF  BBOWN-COAL  BBIQTTETS. 

The  lignite,  or  brown-coal,  briquets  made  in  Germany  form  an 
excellent  producer-gas  fuel  and  are  in  common  use  for  the  small  suc- 
tion plants,  generally  of  the  double-zone  type,  that  are  put  out  by 
various  manufacturers.  This  brown  coal  closely  corresponds  to  some 
varieties  of  American  Ugnite.  In  Germany  the  raw  brown  coal  has 
proved  to  be  undesirable  for  producer  fuel  unless  in  good-sized  pieces 
similar  to  those  of  freshly  mined  Texas  Ugnite.  An  interesting  sight 
noted  at  the  plant  of  one  of  the  manufacturers  of  these  producers  was 
a  liberal  supply  of  Texas  Ugnite  for  experimental  purposes. 

Suction  plants  burning  Ugnite  apparently  require  as  Uttle  attention 
as  those  using  anthracite,  and  may  need  less.  In  certain  locaUties  the 
writer  found  operators  mixing  two  kinds  of  brown-coal  briquets,  as 
experience  had  led  them  to  beUeve  such  mixing  desirable,  but  the 
work  was  simple,  and  about  aU  the  labor  required  at  some  of  the 
plants  inspected  seemed  to  be  the  filUng  of  the  hopper  with  fuel. 

An  excellent  idea  of  the  proportions  and  general  details  of  one  of 
these  plants  may  be  had  from  figure  3." 

It  will  be  noted  that  the  gas  is  taken  off  from  about  the  middle  of 
the  vertical  shaft  of  the  producer.  When  the  producer  is  in  opera- 
tion the  fire  bums  from  both  the  top  and  bottom  zones  toward  the 
middle.  The  relative  rate  of  combustion  of  the  two  zones  is  easily 
r^ulated.  The  covers  of  the  charging  hoppers  are  left  open  to  admit 
the  air  necessary  for  combustion,  as  is  readUy  seen  by  referring  to 

a  The  UlustraUoiis  relating  to  the  use  of  browDrooal  briquets  and  peat  were  kindly  furnished  by 
QetarOder  Koertin&  KoertingKlorf,  Hamborg,  Oermany. 
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figure  4,  vluch  shows  the  chfupng  floor  of  one  of  th«se  plants.  Addi- 
tional air  for  the  lower  zone  can  be  readily  admitted  at  the  ash  pit, 
as  may  be  seen  in  the  sectional  view  given  in  figure  3  or  in  the  view 
of  the  mun  floor  of  such  an  installation,  figure  5.  This  type  of  plant 
seems  exceptionally  well  adapted  to  the  fuel. 

BRIQUET-BUBNINO  OAS   FSODCOBBS  AT  rtJBaTENBURQ,  OERHAITr. 

An  interesting  German  producer-^as  plant  using  briquets  is  situ- 
ated at  FOrstenburg  on  the  Oder,  about  a  mile  from  laige  brown-coal 
mines  that  have  been  in  operation  some  fifty  years.     The  coal  con- 
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tains  approximately  55  per  cent  water  as  it  comes  from  the  mine.  It 
is  ground,  dried  until  the  moisture  content  is  reduced  to  11  to  14  per 
cent,  and  briquetted  without  the  use  of  a  binder.  All  the  output  of 
the  mine  is  thus  utilized.  The  briquets  are  delivered  continuously 
from  the  press  to  baizes  lying  nearby  in  a  canal.  The  loading  of  the 
barges  is  done  by  women,  who  receive  about  30  cents  per  day. 

The  briquetsaresold chiefly  for  household  use.  They  have  proved 
of  no  value  for  locomotive  service,  as  they  fall  to  pieces  when  subjected 
to  high  temperatures  and  strong  draft  and  the  pieces  fly  out  of  the 
stack.  They  are  not  used  in  large  stationary  plants  because  bitumi- 
nous coal  is  cheaper.     The  local  producer-gas  power  plant  burning 
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these  briquets  comprises  the  equipment  noted  baktw.    The  power  i 
utilized  as  indicated: 

Number  of  producers:  2. 

Make  of  producera:  Koerting, 

Type  of  produeere:  Suction. 

Bated  capacity  ot  produceta:  130  bonepower  each. 

Number  ot  engines:  2. 

Uake  of  engiiiee:  Koerting. 

Type  of  euginee:  Single-Actiug,  emgle-cylioder,  4-cycle,  borizonUl. 
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Rated  capacity  of  engines:  130  horsepower  each. 

Uae  of  power:  Hoisting  and  other  work  at  the  mines,  and  lighting.    (A.  C. 

current,  6,000  volts;  tnnsformen  at  the  mine,  a  mile  from  the  power  houae.) 
Boure  of  operation  per  day:  One  unit  twenty-four  hours  a  day  tor  one  week; 

units  used  alternately. 

The  engines  for  this  plant  are  shown  in  figure  6. 

Although  an  analysis  of  the  lignite  mined  near  the  plant  described 
raa  not  available,  the  following  analysis  of  a  lignite  used  in  producers 
n  Austria  may  be  of  interest: 
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Atudgrii  o/an  Autbian  liffnile. 


Carbon 64.66 

Hydmgen 3.97 

Oxygen 1&.1& 

Nitrogen 70 


Moisture. - 

A^ 

Sulphui 


Calorific  value calories..  4,900 

trSB  OF  FEAT. 

Among  the  most  interesting  producer-gas  plants  in  Europe  are 
those  utilizing  peat  as  fuel.  The  peat  resources  of  Europe  are  exten- 
sive and  are  being  rapidly  developed.  In  many  countries  piles  of 
peat  dug  for  household  use  may  be  seen  from  the  railroad  trains.  In 
Eome  countries  this  fuel  has  thus  far  been  used  entirely  for  domestic 
purposes,  but  in  others  peat  forms  the  main  fuel  supply  for  power 
and  manufacturing  plants. 

The  bogs  of  Ireland  have  for  generations  supplied  peat  for  domestic 
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fires,  but,  although  the  bogs  are  extensive,  the  peat  has  not  been  iised 
much  for  generating  power.  In  1908,  however,  projects  were  being 
considered  that  involve  the  erection  of  extensive  power  plants  in  the 
bogs  of  central  Ireland  and  the  transmission  of  electric  current  to 
Dublin. 

Feat  has  been  most  largely  used  in  Holland,  Austria,  Germany, 
Denmark,  Norway,  Sweden,  Finland,  and  Russia.  In  Holland  peat 
has  been  used  for  hundreds  of  years  and  the  bogs  have  yielded  large 
returns.  By  the  methods  pursued,  not  only  is  the  peat  utilized  but 
the  bog  is  left  in  excellent  condition  for  agriculture. 

In  Austria  and  Gennaby  much  progress  has  been  made  in  utilizing 
peat,  especially  in  the  manufacture  of  peat  coke  and  the  making  of 
sulphate  of  ammonia  from  peat  by  means  of  by-product  recovery 
plants.  Doctors  Frank  and  Caro  have  done  much  to  advance  ammo- 
nia recovery  by  their  process  of  gasifying  peat  in  a  mixture  of  air  and 
superheated  steam.  They  find  it  possible  to  gasify  peat  containing 
50  to  55  per  cent  water,  thus  saving  much  of  the  time  usually  required 
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for  drying.  Although  much  of  the  peat  thus  far  used  in  these  by- 
product plants  contains  only  about  1  per  cent  nitrogen,  the  returns 
have  been  surprisingly  good,  40  or  more  pounds  of  sulphate  of  ammo- 
nia being  obtained  from  each  ton  of  peat  fired. 

Doctors  Frank  and  Caro  state  that  from  an  English  peat  they 
obtained  118  pounds  of  sulphate  of  anmionia  per  ton  of  water-free 
peat.  The  gas  from  each  ton  of  fuel  generated  all  the  steam  required 
by  the  plant  and  produced  power  equivalent  to  480  horsepower-hours. 

Doctor  Frank  believes  that  the  process  will  pay  with  peat  con- 
taining only  1  per  cent  nitrogen.  The  peats  of  the  United  States  con- 
tain a  much  larger  amount  of  nitrogen  than  those  of  Europe,  and 
Doctor  Frank  is  confident  that  this  process,  if  applied  to  them,  will 
prove  very  profitable. 

Messrs.  Crossley  Brothers  report  that  at  their  works  they  recovered 
134  pounds  of  sulphate  of  anmionia  from  a  ton  of  chemically  dry 
peat  containing  2.24  per  cent  nitrogen.  They  also  report  that  1,000 
horsepower-hours  could  be  obtained  from  the  gas  from  each  ton  of 
dry  peat. 

Since  the  supply  of  bituminous  coal  or  lignite  is  large  in  some 
coimtries,  the  necessity  for  utilizing  the  peat  resources  is  not  so 
great  in  them  as  in  Norway,  Sweden,  Denmark,  and  Finland .  A  recent 
report  shows  that  Russia  leads  in  the  production  of  peat  for  generating 
power,  the  quantity  dug  reaching  4,000,000  or  5,000,000  tons  a 
year. 

The  principal  manufacturers  of  gas  producers  and  producer-gas 
engines  are  now  putting  out  double-zone  suction  producers,  designed 
especially  to  use  peat.  These  producers  bum  peat  containing  20  to 
30  per  cent  moisture,  and  seem  to  work  easily  and  give  a  rich,  clean 
gas.  Figure  7  shows  a  section  of  a  peat-burning  gas-producer  outfit 
that  is  meeting  with  general  success  on  the  Continent. 

These  small  peat-burning  producer  plants  for  generating  power 
are  widely  used  in  Europe,  although  the  first  plant  of  this  type  was 
installed  no  longer  ago  than  1904. 

PEAT  PRODUCER-GAS   PLANT   AT   SKABERSJO,  SWEDEN. 

The  first  plant,  which  stands  in  the  center  of  a  peat  bog  near  Ska- 
bersj6,  Sweden,  is  of  special  interest.  Its  capacity  is  only  300  horse- 
power, and  it  is  situated  about  3  miles  from  the  town,  to  which  it  sup- 
plies the  electricity.  Half  of  the  plant  (150  horsepower)  was  erected 
in  1904  and  the  other  half  in  1906. 

The  plant  is  probably  both  the  first  and  the  smallest  producer-gas 
installation  located  at  a  bog  and  generating  high-voltage  current 
for  transmission  to  a  point  some  distance  away.  In  1908  the  plant 
comprised  two  suction  producers  especially  designed  to  bum  peat, 
and  rated  at  150  horsepower  each,  and  two  engines  direct  connected 
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to  altemating-curreiit  three-phase  generators,  which  were  ninning 
smoothly  in  parallel  at  the  time  of  the  writer's  visit.  The  3,000- 
volt  current  is  transmitted  to  the  town,  where  it  is  tised  during  the 
day  for  lighting  the  shops  and  for  driving  shop  motors  and  at  night 
for  lighting  streets  and  residences.  One  unit  is  in  operation  from 
5.30  a.  m.  to  6  p.  m.  and  the  other  from  5.30  a.  m.  to  1 1  p.  m.  every 
day.  The  charge  for  residence  lighting  is  9  cents  per  kilowatt-hour. 
A  35-horsepower  peat  machine  is  used  for  preparing  ^e  fuel. 
This  is  driven  by  an  electric  motor  supplied  with  current  from  the 
power  plant  on  the  bog.  As  only  750  tons  of  dry  peat  are  required  per 
year,  there  is  no  attempt  to  work  the  plant  to  its  maximum.  As 
there  is  no  difficulty  in  getting  out  in  the  working  season,  which  in 
this  locahty  is  from  April  15  to  September  1,  all  the  peat  needed  for 
a  year,  only  14  men,  local  farmers,  are  employed,  and  they  work  as 


little  or  as  much  as  they  please.    They  receive  about  50  cents  a  day 
each  and  get  out  about  20  tons  of  peat  a  day. 

Bituminous  coal  at  Skabersjd  costs  S3.75  a  ton.  The  dry  peat 
delivered  on  the  platform  of  the  producer  plant  costs  only  80  cents  a 
ton. 

The  general  details  of  the  plant  are  summarized  thus: 

Number  of  producers:  2. 

Ukke  of  producers:  Koerting. 

Type  of  producera:  Buction,  specially  deaigned  tor  bumiu);  peat. 

lUted  capacity  of  producers:  150  bonepower  each. 

Number  of  engines:  2. 

Hake  of  engine*:  Koerting. 

Type  of  engine*:  Twin,  horizontal,  aingle-actiiifc,  4-cycle. 

Rated  capacity  of  engines:  150  horsepower  each. 

Un  of  power :  Motora  in  shopa  and  for  lighting  tbe  shops,  streets,  and  residences 
at  town  3  milea  from  the  plant. 


24        PBODUCEB-GAS  POWBB-PLANT  DEVELOPMENT  IN  ETJBOPE. 

Hours  per  day:  5.30  a.  m.  to  6  p.  m.  for  one  engine;  5.30  a.  m.  to  11  p.  m.  for 

the<other. 
Number  of  men  required  to  operate  plant:  3  on  day  shift  (1  for  supplying  fuel, 

1  in  the  producer  room,  and  1  in  the  engine  room);  2  at  night. 
Methods  of  charging:  Charge  once  an  hour. 

Kind  of  fuel  and  cost :  Peat,  costing  3  krone  (80  cents)  a  ton  at  the  producer. 
Fuel  used:  2  kilograms  per  horsepower-hoiur. 
No  fan  is  used  for  suction  at  this  plant,  the  gas  being  drawn  from  the  producer 

by  the  suction  strokes  of  the  engines. 
The  only  trouble  experienced  with  the  producers  has  been  from  the  lining,  and 

this  las  been  slight. 
It  has  been  found  that  the  plants  using  this  peat  operate  best  with  30  per  cent 

moisture  in  the  fuel;  with  less  the  fuel  is  too  dry  and  steam  is  required.    More 

than  30  per  cent  moisture  is  too  much. 
The  bog  is  worked  by  the  old  type  of  machine;  that  is,  the  peat  is  shoveled  onto 

the  conveyor.    The  machine  is  driven  by  an  electric  motor,  taking  current 

that  has  passed  through  a  transformer  placed  on  the  bog  close  to  the  machine. 
The  average  depth  of  this  bog  is  about  2  meters  (6.7  feet),  and  at  the  present 

rate  of  digging  the  bog  will  last  about  fifty  years.    It  is  estimated  that  1  cubic 

meter  (1.3  yards)  of  peat  in  the  bog  supplies  about  100  to  110  kilpgiams  (220 

to  243  pounds)  of  peat  containing  25  to  30  per  cent  moisture. 
The  plant  was  running  very  smoothly  and  quietly  and  required  little  attention. 

The  accompanying  plate  (PL  III,  A,  B)  gives  a  good  idea  of  the 
appearance  and  arrangement  of  the  engines  at  this  plant. 

PEAT  PRODUGEB-GAS   PLANT  AT   VI8BY,  SWEDEN. 

Another  peat-burning  plant  that  is  attracting  the  attention  of 
engineers  interested  in  producer-gas  development  is  at  a  cement  works 
at  Visby,. Gothland,  Sweden.  At  the  time  of  the  writer's  visit  the 
capacity  of  this  plant  was  about  to  be  increased  from  250  to  1,500 
horsepower.  The  accompanying  plan  (PI.  FV)  shows  the  layout  of 
the  instaUation  as  it  stands  to-day. 

In  1908  the  general  details  of  the  plant  at  Visby  were  as  follows: 

Number  of  producers:  1. 

Make  of  producers:  Roerting  (for  peat). 

Type  of  producer:  Suction;  fan  exhausts  gas  and  forces  it  to  engine. 

BAted  capacity  of  producer:  250  horsepower. 

Number  of  engines:  1  twin  unit. 

Make  of  engine:  Koerting. 

Type  of  engine:  Horizontal,  single-cylinder,  single-acting,  twin. 

Rated  capacity  of  engine:  250  horsepower. 

Load  carried:  Full. 

Use  of  power:  Driving  machinery  in  cement  works. 

Hours  of  work  per  day:  10. 

Kind  of  fuel,  cost,  etc.:  Peat,  costing,  with  old  methods  of  collecting,  $1.35  per 
ton  on  cars  at  bog.    English  anthracite  costs  nearly  $6  per  ton. 

The  dry  peat  from  the  old  machine  at  the  bog  ib  more  or  less  broken  and  varies 
in  size  from  pieces  12  by  4  by  2  inches  to  dust.  The  peat  is  brought  on  cars 
from  the  bog  and  dropped  into  a  big  concrete  stomge  house,  weU  ventilated 
by  slits  in  the  walls.  From  this  storage  house  boys  take  the  peat  to  a  crusher, 
first  shaking  it  out  on  forks  to  deposit  all  small  pieces  and  dust.    The  crusher 
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breaks  it  into  pieces  from  1  lo  3  inches  in  diameter,  which  arc  carried  by  a 
mechanical  cpnveyer  to  the  bins  over  the  producer. 
Boys  weigh  each  wheelbarrow  load  before  dumping  it  into  the  crusher.  Dining 
my  stay  about  the  plant  (about  one  and  one-half  hours)  nobody  went  near 
the  producer.  The  engines  were  running  nicely  and  no  troubles  were 
apparent.  There  was  serious  trouble  from  tar  in  the  engines  when  the  plant 
was  first  started,  but  this  had  been  overcome. 

The  dry  peat  usually  contains  about  26  per  cent  of  moisture^  but 
at  times  contains  40  per  cent. 

PREPARATION  OP  PEAT  AT  VISBT. 

The  working  season  at  Visby  is  from  April  15  to  August  8,  and  aS 
the  peat  should  be  dry  and  in  the  storage  bins  by  October  1.  At 
the  time  of  the  writer's  visit  hundreds  of  tons  of  peat  in  various 
stages  of  drying  were  scattered  over  the  bog. 

The  old  peat  machine;  installed  in  1902,  is  of  38  horsepower;  that 
is,  the  boiler  and  engine  which  operate  it  have  about  that  capacity. 
The  peat  is  shoveled  onto  the  conveyer,  and  men  with  a  series  of 
knives  cut  the  strips  from  the  mixer  into  the  required  lengths.  The 
peat  blocks  are  irregular  in  size  and  always  break  more  or  less  during 
diying.  Originally  26  men  were  required  for  an  output  of  30  tons 
of  ''dry''  peat  (containing  25  per  cent  moisture)  in  a  ten-hour  day; 
later  the  number  of  men  was  reduced  to  23.  The  machine  cost 
$3,375. 

The  new  machine,  installed  in  the  spring  of  1908,  is  the  first  of  its 
type,  and  when  seen  was,  of  course,  still  somewhat  experimental. 
It  is  of  42-horsepower  capacity,  cost  $7,155,  and  with  a  crew  of  10 
men  turns  out  60  tons  of  "dry"  peat  in  a  ten-hour  day.  The  crew 
comprises  1  engineer  and  1  helper,  1  digger  (at  the  buckets),  4  field- 
press  men,  2  track  layers,  and  1  trolley  man  who  couples  and 
guides  the  cars. 

With  the  new  machine  the  peat  is  dug  by  a  bucket  dredge  and 
conveyer,  passes  through  shredding  and  mixing  devices,  and  runs 
mto  the  cars  as  a  pasty  mass.  It  is  then  taken  to  the  drying  field, 
dumped  into  a  frame  on  the  ground,  leveled  with  hoes,  rolled  and 
divided  into  bricks.  The  longitudinal  divisions  are  made  by  blades 
on  the  roller,  the  transverse  are  made  by  a  3-disk  cutter  pushed 
by  a  man.  The  bricks  measure  about  8  or  10  inches  long,  4  inches 
wide,  and  2  inches  thick  and  weigh  (when  containing  25  per  cent 
moisture)  1.75  pounds  each. 

The  average  depth  of  the  bog  is  approximately  6.7  feet,  and  the 
output  of  dry  peat  is  about  370  pounds  per  cubic  yard  of  peat  from 
the  bog. 

About  thirty  dayB  are  required  for  diying — two  weeks  before 
piling  and  two  weeks  after.  The  women  who  pile  the  peat  receive 
12.5  cents  per  1,000  pieces,  and  their  average  wage  is  47.5  cents  to 
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54  cents  per  day.  The  cables  that  drag  the  cars  of  peat  about  the 
field  are  long  and  break  frequently  at  the  bends  made  by  the  car 
grips.  Y^th  the  old  systems  of  work,  horses  are  used  to  handle  the 
cars. 

To  load  the  peat  at  the  railroad;  the  small  cars  are  hauled  up  an 
incline  and  dumped  into  the  railroad  cars.  As  the  hauling  requires 
the  attention  of  three  or  four  men,  it  is  planned  to  introduce  gas- 
engine  haulage.  The  fine  broken  peat  is  used  in  the  steam  boiler 
and  makes  an  excellent  fuel. 

USE  OF  BLAST-FUBKACE  OB  COKB-OVBK  GAS. 

The  writer  has  made  no  attempt  in  this  brief  discussion  of  what 
he  saw  to  touch  upon  the  use  of  either  blast-furnace  gas  or  coke- 
oven  gas  in  internal-combustion  engines.  Very  large  power  plants 
using  these  fuels  are  to  be  found  throughout  Europe,  and  the  adapta- 
tion of  such  waste  gases  for  generating  power  seems  to  be  looked  upon 
with  favor  in  the  principal  manufacturing  centers.  Progress  in  this 
direction  has  been  rapid  within  the  past  few  years. 

PUBLIOATIONS  ON  FUBL  TSSTZNG. 

The  following  publications,  except  those  to  which  a  price  is  affixed, 
can  be  obtained  free  by  applying  to  the  Director  of  the  Bureau  of 
Mines,  Washington,  D.  C.  The  priced  pubUcations  can  be  purchased 
from  the  Superintendent  of  Documents,  Grovemment  Printing  Office, 
Washington,  D.  C. 

PUBLICATIONS  OP  THE  UNITED  STATES   GEOLOGICAL  SURVEY. 

BuLLETm  261.  Preliminaiy  report  on  the  operations  of  the  cool- testing  plant  of  the 
United  States  Geological  Survey  at  the  Louisiana  Purchase  Exposition,  in  St.  Louis, 
Mo.,  1004;  E.  W.  Parker,  J.  A.  Holmes,  M.  R.  Campbell,  committee  in  chaige.  1906. 
172  pp.    10  cents. 

Professional  paper  48.  Report  on  the  operations  of  the  coal-testing  plant  of  the 
United  States  Geological  Survey  at  the  Louisiana  Purchase  Exposition,  St.  Louis,  Mo., 
1904;  E.  W.  Parker,  J.  A.  Holmes,  M.  R.  Campbell,  committee  in  chaige.  1906.  In 
three  parts.    1492  pp.,  13  pis.    $1.50. 

Bulletin  290.  Preliminary  report  on  the  operations  of  the  fuel-testing  plant  of 
the  United  States  Geological  Survey  at  St.  Louis,  Mo.,  1905,  by  J.  A.  Holmes.  1906. 
240  pp.    20  cents. 

Bulletin  323.  Experimental  work  conducted  in  the  chemical  laboratory  of  the 
United  States  fuel-testing  plant  at  St.  Louis,  Mo.,  January  1,  1905,  to  July  81,  1906, 
by  N.  W.  Lord.    1907.    49  pp.    10  cents. 

Bulletin  325.  A  study  of  four  hundred  sterming  tests  made  at  the  fuel-testing 
plant,  St.  Louis,  Mo.,  1904,  1905,  and  1906,  by  L.  P.  Breckenridge.  1907.  196  pp. 
20  cents. 

Bulletin  332.  Report  of  the  United  States  fuel-testing  plant  at  St.  Louis,  Mo., 
January  1, 1906,  to  June  30, 1907;  J.  A.  Holmes,  in  chaige.    1908.    299  pp.    25  cents. 

Bulletin  334.  The  burning  of  coal  without  smoke  in  boiler  plants;  a  prelimlntfy 
report,  by  D.  T.  Randall.    1908.    26  pp.    5  cents.    (See  Bull.  373.) 


PUBLICATIONS  ON  FUEL  TESTING.  27 

BmxETiN  336.  Washing  and  coking  tests  of  coal  and  cupola  tests  of  coke,  by  Rich- 
ard Moldenke,  A.  WT  Belden,  and  G.  R.  Delamater.    1908.    76  pp.    10  cents. 

Bulletin  339.  The  purchase  of  coal  under  government  and  commercial  specifica- 
tions on  the  basis  of  its  heating  value,  with  analyses  of  coal  delivered  under  govern- 
ment contracts,  by  D.  T.  Randall.    1908.    27  pp.    5  cents.     (See  Bull.  428.) 

Bulletin  343.    Binders  for  coal  briquets,  by  J.  E.  Mills.    1908.    56  pp. 

Bulletin  362.  Mine  sampling  and  chemical  analyses  of  coals  tested  at  the  United 
States  fuel-testing  plant,  Norfolk,  Va.,  in  1907,  by  J.  S.  Burrows.  1908.  23  pp.  5 
cents. 

Bulletin  363 .  Comparative  tests  of  run-of-mine  and  briquetted  coal  on  locomotives, 
including  torpedo<boat  tests  and  some  foreign  specifications  for  briquetted  fuel,  by 
W.  F.  M.  Goss.     1908.    57  pp.,  4  pis. 

Bulletin  366.  Tests  of  coal  and  briquets  as  fuel  for  house-heating  boilers,  by  D.  T. 
Randall.     1908.    44  pp.,  3  pis. 

Bulletin  367.  Significance  of  drafts  in  steam-boiler  practice,  by  W.  T.  Ray  and 
Henry  Kreisinger.     1909.    61  pp. 

Bulletin  368.  Washing  and  coking  tests  of  coal  at  Denver,  Colo.,  by  A.  W.  Belden, 
G.  R.  Delamater,  and  J.  W.  Groves.    1909.    54  pp.,  2  pis. 

Bttlletin  373.  The  smokeless  combustion  of  coal  in  boiler  plants,  by  D.  T.  Randall 
and  H.  W.  Weeks.     1909.     188  pp.    20  cents. 

Bulletin  378.  The  purchase  of  coal  under  government  specifications,  by  J.  S.  Bur- 
rows.   1909.    44  pp.    10  cents.    (See  Bull.  428.) 

Bulletin  382.    The  effect  of  oxygen  in  coal,  by  David  White.    1909.    78  pp.,  3  pis. 

Bulletin  385.  Briquetting  tests  at  the  United  States  fuel- testing  plant,  Norfolk, 
Va.,  1907-8,  by  C.  L.  Wright.    1909.    41  pp.,  9  pis. 

Bulletin  392.  Commercial  deductions  &om  comparisons  of  gasoline  and  alcohol 
tests  on  internal-combustion  engines,  by  R.  M.  Strong.    1909.    38  pp. 

Bulletin  393.  Incidental  problems  in  gas-producer  tests,  by  R.  H.  Femald,  C.  D. 
Smith,  J.  K.  Clement,  and  H.  A.  Grine.    1909.    29  pp. 

Bulletin  402.    The  utilization  of  fuel  in  locomotive  practice,  by  W.  F.  M.  Goss. 

1909.    28  pp. 

Bulletin  403.  Comparative  tests  of  run-of-mine  and  briquetted  coal  on  the  torpedo 
boat  BiddU,  by  Walter  T.  Ray  and  Henry  Kreisinger.    1909.    49  pp. 

Bulletin  412.  Tests  of  run-of-mine  and  briquetted  coal  in  a  locomotive  boiler,  by 
Walter  T.  Ray  and  Henry  ^Kreisinger.    1909.    32  pp. 

Bulletin  416.  Recent  development  of  the  producer-gas  power  plant  in  the  United 
States,  by  R.  H.  Fernald.    1909.    82  pp.,  2  pis.    15  cents. 

Bulletin  428.  The  purchase  of  coal  by  the  Government  under  specifications,  with 
analyses  of  coal  delivered  for  the  fiscal  year  1908-9,  by  G.  S.  Pope.    80  pp.    10  cents. 

PUBLICATIONS  OF  THE   BUREAU   OF   MINES. 

Bulletin  1.    The  volatile  matter  of  coal,  by  H.  C.  Porter  and  F.  K.  Ovitz.    1910. 

56  pp.,  1  pi. 

Bulletin  2.  North  Dakota  lignite  as  a  fuel  for  power-plant  boilers,  by  D.  T.  Ran- 
dall and  Henry  Kreisinger.    1910.    42  pp.,  1  pi. 

Bulletin  3.  The  coke  industry  of  the  United  States  as  related  to  the  foundry,  by 
Richard  Moldenke.    1910.    32  pp. 

o 


Bulletin  5 

DEPARTMENT  OF  THE  INTERIOR 

BUREAU     OF     MINES 

JOSEPH  A.  HOLUBS.  Dikbctok 

WASHING  AND  COKING  TESTS 
OF   COAL 

AT  THE  FUEL-TESTING  PLANT,  RfcNVER,  COLO. 
JULY  1,  1908,  TO  JUNE  30,  1909 


A.  W.  BELDEN,  G.  R.  DELAMATER,  J.  W.  GROVES 
AND  K.  M.  WAY 


WASHINGTON 

GOVERNMENT     PRINTING    OFFICE 
1910 


CONTENTS. 


Page. 

Introduction,  by  A.  W.  Belden 5,6 

Field  work,  by  J.  W.  Groves  and  K.  M.  Way , 6-27 

Test  requirements 6 

Inspection  procedure 7 

Mine  sampling 7 

Designation  of  samples 8 

Samples  tested  at  Denver 9 

Detailed  description  of  samples 9 

Denver  No.  15 9 

Denver  No.  16 10 

Denver  No.  17 11 

Denver  No.  18 12 

Denver  No.  19 13 

Denver  No.  20 15 

Denver  No.  21 4 16 

Denver  No.  22 17 

Denver  No.  23 17 

Denver  No.  24 19 

Denver  No.  25 19 

Denver  No.  26 20 

Denver  No.  27 21 

Denver  No.  28 22 

Denver  No.  29 23 

Denver  No.  30. 23 

Denver  No.  31. 24 

Denver  No.  32 25 

Denver  No.  33 26 

Washing  tests,  by  G.  R.  Delamater 27-38 

Introductory  statement 27 

Changes  in  equipment 27 

Float-and-sink  tests 28 

Details  of  tests 31 

Notes  on  tests 36 

Cokingtests,  by  A.  W.  Belden 38-60 

Equipment 38 

Procedure  of  tests 38 

Number  of  tests 39 

Tabulated  results 39 

Denver  No.  15A 40 

Denver  No.  15B 41 

Denver  No.  16 42 

Denver  No.  17 43 

Denver  No.  18 44 

Denver  No.  19 45 

3 


4  ILLUSTBATION. 

Coking  teats,  by  A.  W.  Belden — Continued. 
Tabulated  results — Continued. 

Denver  No.  20 46 

Denver  No.  21 47 

Denver  No.  22 4 48 

Denver  No.  23 49 

Denver  No.  25 60 

Denver  No.  26 51 

Denver  No.  27 52 

Denver  No.  28 53 

Denver  No.  29 54 

Denver  No.  30 55 

Denver  No.  31 56 

Denver  No.  32 57 

Denver  No.  33 57 

Denver  N08.19A  and  20 58 

Denver  Nos.  29  and  30 59 

Notes  on  tests  and  conclusions 60 

Publications  on  fuel  testing 61 


ILLUSTRATION. 


Page. 
FiouRS  1.  Float-and-sink  test  machine .• 29 


WASHING  AND  COKING  TESTS  OF  COAL  AT  DENVER, 
COLO.,  JULY  1, 1908,  TO  JUNE  30, 1909. 


By  A.  W.  Belden,  G.  R.  Delamater,  J.  W.  Groves,  and  K.  M.  Way. 


INTRODUCTION. 

By  A.  W.  Belden. 

This  bulletin  deals  with  washing  and  coking  tests  of  coal  made  at  the 
government  fuel-testing  plant  in  Denver,  Colo.,  between  July  1,  1908, 
and  June  30,  1909.  The  tests  formed  part  of  the  investigation  of 
mineral  fuels  carried  on  by  the  United  States  Geological  Survey 
under  the  authority  conferred  by  acts  of  Congress,  and  were  a  con- 
tinuation of  the  work  started  at  St.  Louis,  Mo.,  during  the  Louisiana 
Purchase  Exposition.  They  were  made  at  Denver  because  of  the 
railroad  facilities  and  central  location  of  that  city  with  respect  to 
coal  fields  from  which  little  or  no  coal  had  been  received  at  the  St. 
Louis  plant.  The  general  purpose  of  the  investigations  was  (1)  to 
determine  the  possibility  of  improving  the  quality  of  various  coals  by 
washing,  so  as  to  make  them  available  for  the  production  of  coke,  and 
(2)  to  determine  the  feasibility  of  making  coke  in  beehive  ovens  from 
these  coals.  The  results  of  the  tests  made  at  Denver  are  published 
by  the  Bureau  of  Mines  because  the  law  creating  the  Bureau  trans- 
ferred to  it  the  testing  of  fuels  as  carried  on  by  the  United  States 
Geological  Survey. 

The  Denver  plant  began  operations  November  19,  1907.  Between 
that  date  and  March  21, 1908,  when  work  was  temporarily  suspended, 
34  washing  tests  and  52  coking  tests  were  made  on  14  carload  samples 
of  coal,  representing  deposits  in  Colorado,  Montana,  Utah,  and  New 
Mexico.  The  results  of  these  tests  have  been  described  in  a  previous 
bulletin.** 

After  the  completion  of  this  first  series  of  tests  it  was  decided, 
because  coals  representing  deposits  in  a  number  of  important  fields 
had  not  been  received  for  test,  to  continue  the  work  long  enough  to 
gather  the  desired  information  regarding  the  additional  coals  and  to 
compare  the  results  of  washing  and  coking  tests  with  those  on  coals 
previously  tested. 

—  •-    —      —  -  ■  -  -  -■  _ 
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The  plant  resumed  operations  August  21,  1908,  and  was  operated 
continuously  until  January  2,  1909.  During  this  period  20  cars  of 
coal  were  received  from  19  places.,  representing  five  States  and  one 
Territory,  as  follows:  Colorado,  11  cars;  Washington,  3  cars;  Illinois, 
2  cars;  Kansas,  1  car;  Montana,  1  car;  New  Mexico,  1  car;  and  Wyo- 
ming, 1  car.  On  these  20  samples  the  washery  section  made  49  tests 
and  the  coking  section  69  tests.  The  chemical  laboratory  made  532 
analyses,  entailing  3,253  different  determinations. 

The  washery  tests  were  conducted  in  practically  the  same  manner 
as  those  described  in  Bulletin  368,  except  for  some  minor  changes  in 
and  additions  to  the  equipment,  fully  described  under  the  discussion 
of  the  tests  on  succeeding  pages. 

The  coking  tests  were  carried  on  in  precisely  the  same  way  as  was 
outlined  in  Bulletin  368.  Of  the  22  samples  tested,  all  but  five  pro- 
duced good  coke  in  the  beehive  oven  by  proper  treatment.  The  yield 
of  coke  from  a  number  of  coals  was  materially  greater  than  that  ob- 
tained by  concerns  coking  the  same  coals  in  a  commercial  way.  For 
one  coal  this  difference  was  over  4  per  cent.  Such  an  increase  is  of 
much  greater  importance  than  it  might  seem  to  be  at  first  thought. 
Consider,  for  instance,  a  plant  producing  20,000  tons  of  coke  a  month. 
If  the  yield  is  60  per  cent  of  the  coal  charged  to  the  oven  when  it 
might  be  made  64  per  cent,  the  net  yearly  loss,  with  coke  selling  at 
$3.50  per  ton,  f.  o.  b.  cars  at  ovens,  would  amount  to  $55,986. 

FIELD  WORK. 

By  J.  W.  Groves  and  K.  M.  Wat. 
TEST  BEQTTIBEMENTS. 

The  stipulations  under  which  coal  was  submitted  for  test  and  the 
methods  of  inspecting  the  coal  and  taking  the  mine  samples  were  the 
same  as  for  the  previous  tests  at  Denver,  and  as  for  the  years  1905 
and  1906,  when  the  plant  was  at  St.  Louis,  Mo.  These  stipulations 
were  as  follows: 

1.  The  coal  must  be  furnished  to  the  testing  plant  tree  of  cost  to  the  Government. 

2.  The  coal  must  be  loaded  under  the  supervision  of  one  of  the  inspectors  employed 
for  that  purpose,  who  shall  at  the  same  time  be  allowed  to  visit  the  working  places 
in  the  mine  to  secure  samples  for  analysis. 

3.  When  it  is  possible  to  do  so,  the  coal  should  be  loaded  in  box  cars  and  shipped 
under  seal.    Lignites  must  always  be  shipped  in  this  way. 

4.  Where  the  market  requires  screened  coal,  this  grade  will  be  accepted  for  tests. 
The  selection  of  coal  is  always  to  be  under  the  direct  control  of  the  representative  of 
the  testing  plant. 

5.  Where  one  of  the  problems  involved  is  the  better  utilization  of  slack  coal,  a  carload 
of  slack  may  be  accepted  for  testing  purposes. 
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6.  Ab  soon  as  possible  after  the  tests  are  completed,  a  brief  statement  of  the  results 
will  be  famished  to  parties  supplying  the  coal,  for  their  information,  but  this  must 
not  be  made  public  until  the  results  are  made  public  by  the  Geological  Survey. 

7.  Everyone  interested  in  any  particular  test  or  in  the  general  operation  of  the  plant 
is  invited  to  be  present  at  any  time,  but  the  official  record  of  the  tests  will  not  be  given 
out  except  as  indicated  in  the  preceding  paragraph. 

8.  In  view  of  the  probablity  of  receiving  applications  from  two  or  more  operators 
working  the  same  bed  of  coal  in  the  same  locality,  the  right  is  reserved  to  accept  but 
one  such  application,  in  order  that  unprofitable  duplication  of  results  may  be  avoided. 

nrsPBcrrioN  pbocsitjbb. 

In  collecting  samples  the  inspector  made  certain  that  the  coal 
loaded  for  testing  represented  the  average  product  of  the  mine,  and, 
if  screened  coal  was  to  be  sent,  that  the  size  selected  was  commercially 
avaUable  and  adapted  to  the  purpose  for  which  it  was  to  be  tested. 
Therefore,  he  examined  the  screens  and  observed  the  method  gener- 
ally employed  in  separating  slate  and  other  impurities  from  the  coal 
while  it  was  being  loaded  in  the  railroad  car.  He  then  entered  the 
mine  and  carefully  noted  the  character  of  the  bed,  the  method  of 
mining,  and  the  care  taken  by  the  miners  to  separate  the  shale  part- 
ings and  sulphur  balls  from  the  coal  while  loading  mine  cars.  While 
the  sample  was  being  loaded  into  the  railroad  car  the  inspector  stood 
inside  the  tipple  and  permitted  the  slate  pickers  to  discard  only  such 
material  as  was  thrown  off  in  the  usual  practice  and  as  was  consistent 
with  the  customary  speed  of  loading.  The  material  thrown  out  was 
afterwards  examined  by  the  inspector  to  determine  why  it  was  con- 
sidered detrimental  to  the  fuel  value  of  the  coal. 


XZNB  BAXPLIira. 

In  mine  sampling  the  object  of  the  inspector  was  to  secure  a  sample 
that  would,  as  nearly  as  possible,  represent  run-of-mine  coal.  He 
first  made  a  careful  study  of  the  coal  throughout  the  mine  and 
observed  what  parts  of  the  coal  bed  were  discarded  by  the  miner.  In 
an  ordinary  mine  two  or  more  places  where  the  coal  was  of  average 
development  were  then  selected.  These  places  were  usually  at 
widely  separated  points  in  the  part  of  the  mine  from  which  most  of  the 
coal  was  being  shipped.  The  selected  face  was  cleaned  for  5  feet  or 
so,  and  insecure  pieces  of  the  roof  were  taken  down.  The  sampler 
then  spread  a  waterproof  blanket  close  up  to  the  face  and  made  a 
perpendicidar  cut  from  floor  to  roof,  including  in  the  sample  every- 
thing but  the  parts  of  the  bed  discarded  by  the  miner,  and  cutting 
not  less  than  5  pounds  of  coal  per  foot  in  height — that  is,  a  sample 
weighing  not  less  than  30  pounds  from  a  6-foot  seam.  Great  care 
was  exercised  in  cutting  included  shale  or  other  partings  the  full 
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width  and  depth  of  the  groove  in  order  to  preserve  the  proper  pro- 
portion of  coal  and  extraneous  matter.  A  detailed  record  was  made 
of  the  section  of  the  bed  from  top  to  bottom,  every  perceptible 
parting  and  variation  being  noted.  The  parts  of  the  bed  not  in- 
cluded in  the  sample  were  clearly  shown  in  this  record. 

The  cuttings  were  at  once  weighed  and  then  sifted  through  a 
screen  with  a  half-inch  mesh.  The  remaining  lumps  were  brokeix 
up  on  a  portable  bucking  board,  and  this  screening  and  breaking  was 
continued  until  the  entire  sample  passed  through  the  screen. 

The  sample  was  then  mixed  by  two  men  grasping  the  comers  of  the 
blanket  and  rolling  the  sample  <Uagonally  by  raising  one  comer  of  the 
blanket  at  a  time.  When  the  larger  pieces  were  seen  to  be  evenly 
distributed  throughout  the  mass,  the  sample  was  quartered,  two  oppo- 
site quarters  discarded,  and  the  remainder  mixed  as  before.  If  the 
sample  was  still  too  bulky  to  be  conveniently  handled  it  was  again 
mixed  and  quartered. 

The  remaining  material  was  spread  in  a  circular  mass  about  2 
inches  deep  on  the  blanket,  and  a  small  trowel  was  used  to  fill  a  sam- 
ple can  with  alternate  sections  of  the  sample  taken  from  the  circiun- 
ference  to  the  center  of  the  mass  around  the  entire  circle.  The  can 
was  closed  and  hermetically  sealed  with  electrical  insulating  tape 
and  the  weight  noted.  This  weight  showed  what  proportion  of  the 
original  sample  was  sent  to  the  laboratory. 

The  entire  process  of  sampling  was  carried  on  as  rapidly  as  possible. 
The  maximum  time  for  cutting  and  preparing  a  large  sample  was 
about  one  hour.  Although  it  is  known  that  rapid  changes  take 
place  in  the  moisture  content  of  some  coals,  it  is  reasonable  to  assume 
that  where  the  sampling  is  quickly  done  in  the  atmosphere  to  which 
the  native  coal  is  exposed  there  is  probably  only  a  slight  gain  or  loss 
of  moisture  while  the  sample  is  being  broken  up  and  quartered. 

DBSiaNATION  OF  SAMPLES. 

The  samples  of  coal  sent  to  the  Denver  testing  plant  are  designated 
in  this  bulletin  Denver  No.  15,  Denver  No.  16,  and  so  on,  consecu- 
tively, continuing  the  series  of  numbers  used  in  Bulletin  368,  ''Den- 
ver" being  placed  before  each  number  to  distinguish  the  samples 
from  those  sent  to  St.  Louis,  Mo. ;  Norfolk,  Ya. ;  and  Pittsburg,  Pa. 
Tlie  samples  are  designated  by  these  numbers  throughout  the  tests 
and  in  the  published  results. 

In  like  manner  the  laboratory  numbers  of  the  analyses  are  followed 
by  the  letter  D  to  show  that  the  analyses  were  made  at  Denver. 
For  Denver  Nos.  29  and  30  analyses  of  mine  samples  previously 
taken  and  analyzed  at  Pittsburg  are  used. 
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SAMPLES  TB8TED  AT  DBKVBB. 


The  following  is  a  complete  list  of  the  samples  tested  at  Denver 
from  August  21,  1908,  to  January  2,  1909: 

List  of  coals  tested  at  Denver,  Colo. 
(All  samples  inspected  by  either  J.  W.  Qroves  or  K.  M.  Way.] 


Designation 
of  sample. 


Kind  of  fuel. 


Denver  No.  — ' 

15 Bituminous,  run 

of  mine. 
10 


17. 
18. 
19. 
20. 
21. 

22. 
23. 

24. 
25. 

26. 
27. 

28. 

29. 

30. 
31. 

32. 

33. 


.do. 
.do. 
.do. 
.do. 
.do. 


Bituminous,  run 
of  mine,  f-inch 
screenings. 

Bituminous,  run 
of  mine. 

....do 


Relbse. 


Bituminous, 
1-inch  screen- 
ings. 

Sub  bituminous, 
run  of  mine. 

Bituminous,  run 
of  mine. 

Bituminous. 

4-lnch,  run  of 

mine. 
Bituminous,  run 

of  mine. 

do 

do 


.do. 
.do. 


Name  of 
bed. 


No.  6 

Sopris 

Walsen... 
Prlmero. . 
Nos.4,5.. 

No.  3 

Roslyn.... 

it) 
Cherokee. . 


Cameron.. 

Lower 

seam. 
Berwind.. 

(T) 


LocaUty. 


S  e  s  8  e  r,    Franklin 

County,  HI. 
Sopris,  Las    Animas 

County,  Colo. 
Bowen,  Las  Animas 

County,  Colo. 
Prlmero,  Las  Animas 

County.  Colo. 
Taylor,  King  County, 

Carbonado,  Pierce 
County,  wash. 

3  miles  west  of  Roslyn, 
Kittitas  County, 
Wash. 

Lombard,  Broadwater 
County,  Mont. 

3  miles  west  of  Fronte- 
nac,  Crawford 
County,  Kans. 

Starkville,  Las  Ani- 
mas County,  Colo. 

1}  miles  southwest  of 
Rugby,  Las  Animas 
County,  Colo. 

Lafayette,  Boulder 
County,  Colo. 

I  mile  west  of  Ber- 
wind, Las  Animas 
Countv.  Colo. 

Cameo,  Mesa  County, 
Colo. 


Upper Coal    Basin,    Pitkin 

I      County,  Colo. 

Lower do. 

Carthage. 


Yampa... 
No.  7 


Carthage,  Socorro 
County,  N.  Mex. 

Oak  Creek,  Routt 
County,  Colo. 

Sweetwater,  Sweet- 
water County,  Wyo. 


Railroad. 


Chicago,     Burlington 

and  Qulncy. 
Colorado  Southern 


.do. 


Colorado  and  Wyo- 
ming. 

Coluxnbla  and  Puget 
Sound. 

Northern  Pacific 


.do. 


.do. 


Atchison,  Topeka  and 
Santa  Fe. 


.do. 


Colorado  and  South- 
em. 

Colorado  and  South- 
ern. 

Colorado  and  South- 
ern. 

Denver  and  Rio 
Grande  and  Colo- 
rado Midland. 

Crystal  River 


.do. 


New  Mexico  Midland. . 

Denver,  Northwestern 

and  Padflc. 
Union  Pacific 


Days  ex- 
posed to 
weather. 


13 
13 
9 
17 
23 
54 
32 

19 
21 

12 
14 

13 
25 

10 

20 

16 
27 

12 

13 


DETATLEB  DBSCBIPTIONS  OF  SAMPLES. 

Denver  No.  15. 


Bituminous  coal  from  No.  6  bed  at  Sesser,  Franklin  County,  111., 
on  the  Chicago,  Burlington  and  Quincy  Railroad,  was  designated 
Denver  No.  15. 

One  sample  shipped  from  this  place  consisted  of  44  tons  of  run-of- 
mine  coal,  which  was  used  in  making  washing  tests  232,  233,  234, 
and  235,  and  coking  tests  247,  248,  249,  250,  and  251. 


10 


WASHING  AND  COKING  TESTS  OF  COAL. 


A  second  sample  from  this  place,  which  consisted  of  33  tons  of 
IJ-inch  screenings  and  was  designated  Denver  No.  15-B,  was  used 
in  making  washing  tests  236,  238,  239,  and  240,  and  coking  tests  252, 
254,  256,  and  258. 

Two  mine  samples  were  taken  for  chemical  analysis;  sample  477-D 
was  taken  980  feet  northwest  of  the  shaft,  where  the  coal  measured 
as  shown  in  section  A;  sample  478-D  was  taken  1,220  feet  north  of 
the  shaft,  where  the  coal  measured  as  shown  in  section  B. 


Section  A  (sample  477-D). 

Ft.  In. 

Coal 7 

Rash 1 

Coal 3      9 

Shale" 11 

Coal 8 

Blue  band  " li 

Coal 1      7 


6    11 


Section  B  (sample  478-D). 

Ft.  in. 

Coal 3    10 

Shale } 

Coal 8 

Blue  band  " li 

Coal 1    10 


6      6 


Chemical  analyses  of  Denver  No.  15  coal. 


ICine  samples. 

Car  samples. 

4n-D. 

478-D. 

486-D. 

49&-D. 

Air 
dried. 

As  re- 
ceived. 

Dry 
coal. 

Air 
dried. 

As  re- 
ceived. 

SI. 

Air 
dried. 

3.00 
4.69 

35.76 

60.60 

8.95 

1.17 

As  re- 
ceived. 

coal. 

Air 
dried. 

3.30 
&49 

34.32 

48.42 

11.77 

.96 

6.656 

As  re- 
ceived. 

SI 

Air-drvlnff  Ima. . . 

1.20 
8.06 

35.40 

47.85 

8.70 

1.00 

1.10 
7.57 

32.51 

51.60 

8.32 

1.30 

• 

I 

Moisture 

VolaUle  mat- 
ter  

0.15 

34.06 

47.27 

8.60 

.90 

38.50 

£2.03 

0.47 

1.09 

&5e 

32.15 

51.03 

8.23 

1.29 

35.17 

55.83 

9.00 

1.41 

8.12 

34.46 

48.79 
8.63 
1.13 
&26 

6&44 
1.33 

17.21 

6.702 
12,064 

6.465 
11,637 

37.51 

53.10 
9.39 
1.23 
4.73 

72.31 
1.45 

la  89 

7,295 
13.131 

7.030 
12,665 

8.61 

83.19 

46.82 

11.88 

.95 

&15 
6493 

1.36 
1&23 

fi.43A 

36.80 

Fixed  carbon.. 
rAsh 

51.22 
13.48 

■ 

jSulphur 

lydroeen 

1.04 
4.56 

Carbon 

71.06 

U 

Nitrogen 

. 

L49 

Oxygen 

9.ao 

Ca 

] 

( 

ioriflc  value: 
Determined- 
Calories.... 

6,805 

6.730 
12,114 

7,363 
13.253 

6,952 
12,514 

7,042 

B.  t.u 

11,961  ili!586 

12,676 

Calculated  firom 
u  Itlmate 
analTsis— 
Calories 

6,343 
11,417 

6,941 

B.  t.u 

^ 

12,408 

....... 

DENVER  No.  16. 

Bituminous  coal  from  the  Sorpris  or  Cameron  bed  at  Sorpris^  Las 
Animas  County,  Colo.,  on  the  Colorado  and  Southern  Railway,  was 
designated  Denver  No.  16. 


•  Not  induded  In  sample. 
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One  sample  shipped  from  this  place  consisted  of  50  tons  of  run-of- 
mine  coal  and  was  used  in  making  washing  tests  242,  247,  and  249, 
and  coking  tests  259,  260,  266,  268,  and  271. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample 
479-D  was  taken  7,000  feet  southwest  of  the  slope,  where  the  coal 
measured  as  shown  in  section  A;  sample  485-D  was  taken  8,800  feet 
southeast  of  the  slope,  where  the  coal  measured  as  shown  in  section  B. 


Section  A  (wmpU  479-D), 


Goal 


Ft. 
3 


in. 
11 


Section  B  (sample  4S5-D). 

Ft.  In. 

Bone  coal « 91 

Coal 1    2 

Hard  coal  (good) 6 

Coal 2 

Bone  coal  « 1 J 

Coal 1    8 


4    6 


Chemical  analyses  of  Denver  No,  16  coal. 


Mine  samples. 

Car  sample  (53 

m  T\\ 

47i^D. 

48A-D. 

IO-l>). 

Air 
dried. 

As  re- 
ceived. 

ooal. 

Air 
dried. 

As  re- 
ceived. 

Dry 
ooal. 

Air 
dried. 

As  re- 
ceived. 

Dry 
coal. 

At 

• 
• 

rUlryfsw  Iqan.  ^ 

2.10 

.31 

29.02 

57.05 

12.72 

.90 

1 
1 

1.40 

.51 

31.23 

57.23 

11.03 

.70 

1.10 

1.26 

31.03 

53.39 

14.32 

.65 

fMofature 

2.40 

29.29 

56.86 

12.45 

.88 

"36. 61' 

57.25 

12.74 

.90 

1.90 

30.79 

56.43 

10.88 

.60 

"31.39" 
57.62 
11.09 
.70 

2.35 

30.69 

52.80 

14.16 

.64 

4.63 
71.12 

1.04 

8.41 

7,104 
12,787 

6,995 
12,591 

Volatile  matter 

31.43 

Fixed  carbon 

54.07 

/Ash 

^ulpbur 

Hydrogen 

14.50 

.66 

4.48 

D 

Ca 

] 

i 

Carbon - - 

1 

1 

72.83 

Nitragen 

1 

i "* 

1.07 

Oxygen 

6.46 

lorine  value: 
[>etennlned~- 

Calories 

7.610 

7,503 
13,506 

7,648 
13,766 

7,183 
12,929 

7,275 

B- 1.  u 

13,095 

:>ilcalated  from  ultimate 
aDalvsis-> 
Calories 

7,168 

B.  Lu 

1 

12,894 

1 

Denver  No.  17. 

Bituminous  coal  from  the  Walsen  hed  of  coal  at  Bowen,  Colo.,  on 
the  Colorado  and  Southern  Railway,  was  designated  Denver  No.  17. 

One  sample  shipped  from  the  bed  consisted  of  33  tons  of  run-of- 
mine  coal  and  was  used  in  making  washing  tests  237,  241,  and  244, 
and  coking  tests  253,  255,  257,  and  261. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample 
480-D  was  taken  2,000  feet  north  of  the  drift  opening,  where  the  coal 


a  Not  included  in  sample. 
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measured  as  shown  in  section  A;  sample  481-D  was  taken  2,600  feet 
northwest  of  the  drift  opening,  where  the  coal  was  measured  as 
shown  in  section  B. 


Section  A  (iampU  480-D.) 

Ft.  in. 

Coal 3 

Bone  coal  A 3 

Coal 1    10 


Stctian  B  (wmple  481-D). 

Ft.  Id. 

Coal 11 

Bone  coal « 6 

Coal 2  6 

Bone  coal  a 2 

Coal 11 


0 


Chemical  analyses  of  Denver  No.  17  coal. 


Mine  samples. 

Car  sample  (« 

kJ—T^X 

m 

480-D. 

481-D. 

nr-lf). 

Air 
dried. 

As  re- 
ceived. 

^ 

Air 
dried. 

As  re- 
ceived. 

SI 

Air 
dried. 

As  re- 
ceived. 

S3. 

• 

1.70 

.78 

34.24 

53.91 

11.07 

.83 

2.20 

.79 

33.23 

51.69 

14.29 

.66 

0.60 

1.41 

31.52 

49.16 

17.91 

.68 

fMototure 

2.47 

33.66 

52.99 

10.88 

.82 

"34.51' 
54.33 
11.16 
.84 

2.97 

32.50 

60.55 

13.98 

.65 

"33.'56* 
52.09 
14.41 
.67 

1.90 

31.36 

48.92 

17.82 

.68 

4.63 
67.82 

1.18 

7.87 

6,703 
12,065 

6,753 
12,155 

g 

Volatile  matter 

31.96 

1' 

Fixed  carbon 

49.88 

/Aih 

18.16 

ISalphur 

.09 

V 

Hyarogen 

4.49 

«• 

Carbon 

69.13 

U> 

Nitrogen 

. 

::::::::::::::::::::::::  ::::::::i:::::::: 

1.20 

Oxygen 

1              ' 

6.33 

Ca 

] 

( 

loriflc  value: 
Detennined— 

Calories 

) 

7,092 

6.936 
12,485 

7.148 
12,866 

6,737 
12,127 

6,833 

1 

12,299 

[Calculated  from  ultimate 
analysis- 
Calories 

1 

6,884 

B.  t.  u 

1                 !     

12,391 

Denver  No.  18. 

Bituminous  coal  from  Primero  bed  at  Primero,  Las  Animas  County, 
Colo.,  on  the  Colorado  and  Wyoming  Railroad,  was  designated 
Denver  No.  18. 

One  sample  shipped  from  the  bed  consisted  of  40  tons  of  nin-of- 
mine  coal  and  was  used  in  making  washing  tests  243,  245,  246,  and 
248,  and  coking  tests  262,  263,  264,  265,  and  267. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample 
483-D  was  taken  4,200  feet  west  of  the  drift  opening,  where  the  coal 
measured  as  shown  in  section  A;  sample  484-1)  was  taken  3,000  feet 
northwest  of  the  drift  opening,  where  the  coal  measured  as  shown  in 
section  B. 


o  Not  included  in  sample. 


DESCRIPTIONS  OF  SAMPLES. 
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Section  A  (tample  483-D). 

Ft.  ia. 

CJoala 5i 

Bone  coal « IJ 

Coal 1  4 

Bone  coal  <» 1) 

Coal 1  2 

Bonecoal 1 

Coal 4  1 


7    4i 


Section  B  {sample  4S4^D). 

Ft  in. 

Bone  coal  <> 7 

Coal 6 

Bone  coal  a IJ 

Coal 10 

Bone  coal J 

Coal 5  1 


Chemical  analyses  of  Denver  No,  18  coal. 

Mine  samples. 

Car  sample  (62 

• 

483-D. 

484-D. 

f7-UJ. 

Air 
dried. 

Aa  re- 
ceived. 

ooai. 

Air 
dried. 

Ab  re- 
ceived. 

SI 

Air 
dried. 

As  re- 
ceived. 

SI 

Al 

rdirliiff  kwp. .  , . . . 

1.80 

.44 

32.66 

57.97 

8.93 

.68 

2.10 

.43 

33.27 

65.49 

10.81 

.48 

0.80 

.44 

31.91 

61.40 

16.26 

.64 

rifolBtore 

2.23 
32.07 
66.93 

8.77 
.67 

32.80 

68.23 

8.97 

.68 

2.52 

32.68 

64.32 

10.68 

.47 

■33*42* 

66.73 

10.86 

.48 

1.24 

81.66 

60.99 

16.12 

.64 

4.73 
69.96 

1.86 

7.29 

7,001 
12,602 

6,961 
12,666 

M 

Volatile  matter 

82.06 

<? 

Ftx4f4  carbon 

61.63 

lim 

1  Aah 

16.32 

rlgoiphiir 

.55 

ftydnjBffi .... 

4.66 

Carbon ,   . 

70.88 

P 

Nitrogen 

1.38 

Oxjgen 

6.27 

] 

lormc  value: 
Oetcnnlned— 

Cttlociea. 

7,609 

7,449 
13,406 

7,642 
13,760 

7,068 
12,704 

7,060 

B.  t-n, 

12,760 

Salcolated  from  altlmate 
analyaia— 
Caloffea. 

7,069 

B.  t.n 

1 

12,724 

1 

• 

Denver  No.  19. 

A  shipment  of  bituminous  coal  from  the  Nos.  4  and  5  beds  at 
Taylor,  King  County,  Wash.,  on  the  Columbia  and  Paget  Sound 
Railroad,  consisted  of  three  grades  of  coal,  designated  Denver  No. 
19  A,  B,  and  C.  Denver  No.  19A  consisted  of  25  tons  of  run-of-mine 
coal  from  the  No.  5  bed  and  was  used  in  making  washing  tests  250, 
251,  and  252,  and  coking  tests  272,  273,  and  294. 

Denver  No.  19B  consisted  of  15  tons  of  washed  coal  from  the  No.  5 
bed  and  was  used  in  making  coking  tests  269  and  270.  Denver 
No.  19C  consisted  of  10  tons  of  run-of-mine  coal  from  the  No.  4  bed 
and  was  used  in  making  washing  test  253  and  coking  test  274. 

Three  mine  samples  were  taken  for  chemical  analysis.  Sample 
520-D  was  taken  from  No.  5  bed,  3,000  feet  northwest  of  the  drift 
mouth,  where  the  coal  measured  as  shown  in  section  A;  sample 
518-D  was  taken  from  the  same  bed,  2,400  feet  northeast  of  the  drift 
mouth,  where  the  coal  measured  as  shown  in  section  B;  sample 
519-D  was  taken  from  the  No.  4  bed,  1,500  feet  northeast  of  the  drift 
mouth,  where  the  coal  measured  as  shown  in  section  C. 


•  Not  Included  In  sample. 


14 


WASHING  AND  COKING  TESTS  OF  COAL. 


Section  A  (tample  5i(hD). 

Ft.   io. 

Coal 5 

Shale  and  sandstone i 

Coal 5i 

Shale  and  sandstone^ 1 

Coal li 

Rasho 2} 

Coal 1  11 

Foot  wall,  bone  coal.  

3    2i 


Seetkm  B  (sample  618-D). 

Ft    In. 

Coal 5i 

Shalea 1 

Coal 1  1 

Rasha li 

Coal 2  1 

Foot  wall,  bone  coal.  

3  10 

Secticm  C  (sample  519-D). 

Coal 2    3i 

Bone  coal 4 

Foot  wall,  bone  coal.  

2    71 


Chemical  analyses  of  Denver  No.  19  coal. 


Mine  samples. 

Car  sample 

(586-D). 

19A 

Air 
dried. 

518-D. 

519-D. 

■ 

As  re- 
ceived. 

S3. 

Air 
dried. 

As  re- 
ceived. 

coal. 

Air 
dried. 

As  re- 
ceived. 

Dry 

coal. 

Air-drvltiff  lo« 

2.20 

1.92 

36.69 

44.52 

16.87 

.55 

3.30 

2.13 

38.97 

50.00 

8.90 

.65 

2.30 

3.12 

34.97 

38.09 

23.22 

.79 

fMobtore 

4.08 

36.88 

43.54 

16.50 

.54 

"37.*  41' 
45.39 
17.20 
.56 

5.36 
37.68 
48.35 

8.61 
.63 

"39.' si* 
51.09 
9.10 
.67 

5.35 

34.17 

37.81 

22.67 

.77 

4.72 
56.98 

1.37 
13.49 

5,728 
10,310 

5,666 
10,197 

8 

Volatile  matter 

36.10 

8 

Flx^d  carbon. .  . 

39.  M 

P4 

jAsh 

23.05 

I  Sulpbur 

.81 

iToroeeii 

4.36 

Carbon 

60.20 

{3 

Nitrogen 

1.45 

Oxygen 

9.23 

Ca 

J 

i 

lorlAc  value: 
Determined— 

Oalorlfff 

6,564 

6,420 
11,556 

6,603 
12,047 

7,093 

6,860 
12,344 

7,247 
13,046 

5,862 
10,568 

6,062 

B.  tu .• 

10,894 

^calated  from  ultimate 
analysis— 
Calories 

5,985 

B.  t  u 

10,773 

Air-drying  loss 

.  f  Moisture 

g  [Volatile  matter 

P  Fixed  carbon 

***l/Ash 

iSulphur 

.  Hyorogm 

g  •  Carbon 

^  Nitrogen 

Oxygen 

Caiorinc  value: 
Determined— 

Calories 

B.  t.u 

Calculated  from  ultimate  analysift— 

Calories , 

B.  t.  u 


Mine  sample  (520-D). 


Air 
dried. 


3.60 

2.76 

41.43 

39.15 

16.66 

1.05 


As  re- 
ceived. 


6.16 
39.96 
37.78 
16.06 

1.01 


Dry  coal. 


42.61 

40.25 

17.14 

1.06 


Car  sample  J9C  (585-D). 


Air 
dried. 


2.60 

3.70 

35.11 

42.46 

18.73 

.71 


6,209 
11,176 


As  re- 
ceived. 


6.20 

34.20 

41.37 

18.23 

.69 

4.95 
60.12 

1.41 
14.60 


6,049 
10,888 

5,948 
10,706 


DryooaL 


36.46 

44.10 

19.44 

.74 

4.54 

64.00 

1.50 

9.69 


6,448 
11,606 

6,341 
11,414 


a  Not  Included  In  sample. 


DESCBIPTI0N6  OF  SAMPLES. 
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Denver  No.  20. 

Bituminous  coal  from  the  No.  3  bed  at  Carbonado,  Pierce  County, 
Wash.,  on  the  Northern  Pacific  Railroad,  was  designated  Denver 
No.  20. 

This  shipment  consisted  of  50  tons  of  run-of-mine  coal  and  was 
used  in  making  washing  tests  264,  265,  and  266,  and  coking  tests 
287,  288,  289,  290,  and  294. 

One  sample  only,  522-D,  was  taken  for  chemical  analysis.  It  was 
taken  from  the  face  of  No.  3,  north  entry,  14,000  feet  east  of  the  drift 
mouth,  where  the  coal  measured  as  shown  in  section  A. 

Section  A  (sample  552-D). 

Ft.    In. 

Coal 1  10 

Shale  o 4 

Coal 1  10 

Shaleo IJ 

Coal 10 

Shaleo 1 

Coal 7 

Shaleo 2 

Coal 2    4 

Foot  wall,  bone  coal.  

8    li 

Chemical  analyses  of  Denver  No.  20  coal. 


Alr-dnrlng  kMB. 
.  Mofatore. 
gjvofaitflematter. 
JFl Find  carbon. 


l/Arti 

iSnlptaor.. 
Hydrogen. 


Carbon. 
Nitrogen. 


C^l 


Oxygen 

lortfic  value: 
Determined— 

Calories 

B.  t.  n 

CalCDlated  from  ultimate  analysis— 

Calories 

B.t.u 


Mine  sample  (552-D). 


Air 
dried. 


1.80 

1.12 

31.51 

51.04 

16.33 

.47 


As  re- 
ceived. 


2.90 

30.94 

50.12 

10.04 

.46 


6,907 
12,433 


Dryooal. 


31.87 

51.61 

16.52 

.47 


7,117 
12,810 


Car  sample  (787-D). 


Air 
dried. 


3.30 

1.41 

30.06 

52.03 

16.50 

.47 


6,970 
12,546 


As  re- 
ceived. 


4.66 

20.07 

50.31 

15.90 

.45 

4.95 
67.18 

2.11 

9.35 


6,740 
12,132 

6,740 
12,132 


Dryooal. 


30.49 

52.77 

16.74 

.47 

4.65 

70.47 

2.21 

5.46 


7,  em) 

12,726 

7,069 
12,726 


Denver  No.  21. 

A.  shipment  of  bituminous  coal  from  the  Roslyn  bed,  3  miles  west 
of  Roslyn,  Kittitas  County,  Wash.,  on  the  Northern  Pacific  Rail- 
road, consisted  of  two  grades  of  coal,  which  were  designated  Denver 


o  Not  Included  In  sample. 
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WASHING  AND  COKING   TESTS  OF   COAL. 


No.  21  A  and  B.  Denver  No.  21A  consisted  of  16  tons  of  nm-of- 
mine  coal  and  was  used  in  making  washing  test  256  and  coking 
tests  277  and  279.  Denver  No.  2lB  consisted  of  34  tons  of  J-inch 
screenings  and  was  used  in  making  washing  tests  257,  258;  and  270, 
and  coking  tests  278,  280,  and  281. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample 
551~D  was  taken  1,300  feet  southwest  of  the  slope,  where  the  coal 
measured  as  shown  in  section  A;  sample  550-D  was  taken  1,000  feet 
southwest  of  the  slope,  where  the  coal  measured  as  shown  in  section  B. 


Section  A  (sample  551-D). 

Ft.   In. 

Coal 2    9i 

Hard  shale  « t 

Coal 1  10 

Shalea i 

Coal 14 

Floor,  shale.  

4  lOi 


Section  B  (sample  550-D). 

Ft.  in. 

Coal 1 

Mother  coal \ 

Coal 2  3 

Shale« 1 

Coal 4 

Shale  a 1 

Coal 6} 

Shale" 1 

Coal 1  IJ 

Shaleo \ 

Coal...... 2 

Floor,  shale.  

4  9 


Chemical  analyses  of  Denver  No.  21  coal. 


Mine  samples. 

Car  samples. 

660-D. 

551-D. 

21A  (693-D). 

21 B  (e94-D). 

« 

Air  • 
dried. 

As  re- 
ceived. 

Dry 
coal. 

Air 
dried. 

As  re- 
ceived. 

Dry 
coal. 

Air 
dried. 

As  re- 
ceived. 

Dry 
coal. 

As  re- 
ceived. 

coal. 

Alvwlrvliiff  loss 

1.90 

l.fi9 

39.17 

49.23 

10.01 

.42 

7.60 

1.60 

30.21 

49.83 

9.46 

.38 

5.80 

2.16 

36.10 

47.60 

15.05 

.48 

I 

fMototure 

Volatile  matter. . 

Fixed  carboo 

jAsh 

3.46 
38.42 
48.30 

9.82 
.41 

*39.'82" 
50.01 
10.17 
.43 

8.99 
36.23 
46.04 

8.74 
.35 

OT.'si" 
50.60 
9.60 
.39 

7.82 

33.06 

44.94 

14.18 

.45 

5.48 
64.67 

1.41 
13.81 

6,613 
11,903 

6,629 
11,751 

48.73 

15.38 

.49 

5.00 

70.16 

1.63 

7.44 

7,174 
12,913 

7,063 
12,749 

2.32 

37.02 

47.08 

13.58 

.60 

4.67 

66.77 

.61 

13.77 

6,913 
12,443 

6,425 
11,566 

37.90 
48.20 
13.90 

• 

Isulphor 

'.  lydroffen 

.61 
4.61 

«. 

CvboD 

68.36 

D 

Nitrogen 

.62 

Oxygen 

12.00 

Ca 

1 

loilfio  value: 
Determined— 
Calorifis 

7,489 

7,347 
13,226 

7.610 
13,608 

7,019 
12,634 

7,078 

B.  t.  n 

12,740 

i 

:?akiilated    from 
ultimate  analy- 
sis— 
Calories 

6,S78 

11.840 

' 

a  Not  included  in  sample. 


DESCRIPTIONS  OF  SAMPLES. 
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Dbnvee  No.  22. 

Bituminous  coal  from  a  mine  1  mile  west  of  Lombard,  Broadwater 
County,  Mont.,  on  the  Northern  Pacific  Railroad,  was  designated 
Denver  No.  22. 

This  shipment  consisted  of  45  tons  of  run-of-mine  coal  and  was 
used  in  making  washing  tests  254  and  255  and  coking  tests  275  and 
276. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample 
563-D  was  taken  300  feet  north  of  the  slope,  where  the  coal  measured 
as  shown  in  section  A;  sample  564-D  was  taken  400  feet  northeast 
of  the  slope,  where  the  coal  measured  as  shown  in  section  B. 


Section  A  (sample  56S-D). 

Roof,  coal.  Ft.  in. 

Coal Hi 

Shale  and  mother  coal } 

Coal 7    6 

Floor,  coal.  

8    81 


Section  B  {sample  564-D). 

Roof,  coal.                                       Ft,  In. 

Coal 1  3 

Shale } 

Coal 5  3 

Floor,  coal.  

6  6} 


NoTB. — Small  sulphur  lenses  are  scattered  promiscuously  through  the  coal  bed. 

Chemical  analyses  of  Denver  No.  ii  coal. 


Mine  samples. 

Car  sample  (66 

A     TW 

563-D. 

564-D. 

2-l>). 

Air 
dried. 

As  re- 
ceived. 

Dry 
coal. 

Air 
dried. 

As  re- 
ceived. 

Dry 
coal. 

Air 
dried. 

As  re- 
ceived. 

Dry 
coal. 

Air-drvliup  loss 

2.30 

.49 

25.11 

43.96 

30.44 

8.42 

3.10 

.58 

26.57 

53.68 

19.17 

7.20 

1.60 

1.46 

20.01 

40.14 

38.39 

7.81 

fliotatura 

2.78 
24.53 
42.95 
29.74 

8.23 

'"25.'23' 
44.18 
30.59 
8.46 

3.67 
25.74 
52.01 
18.58 

6.98 

"26.' 72* 
53.99 
19.29 
7.25 

3.04 
19.69 
39.50 
37.77 

7.69 

3.16 

44.16 

.49 

6.73 

4,503 
8,105 

4,541 
8,174 

M 

Volatile  matter 

20.31 

£ 

Fixed  carbon 

40.72 

jAsh 

38.97 

[VSulphur 

7.93 

m 

Hydrogen 

2.91 

^^  A 

Garbon 

45.54 

D 

Nitrogen 

.49 

4.16 

1 

Mncyaiue: 
Determined— 

Caiocles 

5,722 

• 

'5,590 
10,062 

5.750 
10,360 

4,576 
8,237 

4,643 

B.t.u 

Calculated  from  altlmate 
analysis— 
Calories 

8,357 

4,683 

B.  t.  u 

» 

8,430 

Denver  No.  23. 

Bituminous  coal  from  the  Cherokee  bed,  3  miles  north  of  Frontenac, 
Crawford  County,  Kans.,  on  the  Atchison,  Topeka  and  Santa  Fe 
Railroad,  was  designated  Denver  No.  23. 

59366**— Bull.  5—10 2 
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WASHING  AND  COKING  TESTS  OF  COAL. 


This  shipment  consisted  of  50  tons  of  run-of-mine  coal  and  was 
used  in  making  washing  tests  259^  260,  261,  262,  and  263,  and  coking 
tests  282,  283,  284, 285,  and  286. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample 
660-D  was  taken  4,000  feet  west  of  the  shaft,  where  the  coal  meas- 
ured as  shown  in  section  A;  sample  661 -D  was  taken  3,000  feet 
south  of  the  shaft,  where  the  coal  measured  as  shown  in  section  B. 


Section  A  (aampU  66(hD). 


Roof,  shale. 


Coal 

Shale  and  sandstone  o. 

Coal 

Mother  coal 

Coal 

Bone  coal 

Coal 

Mother  coal  and  shale. 

Coal 

Floor,  fire  clay. 


Ft.   In. 
8 

i 
2 

i 

i 
1 

2  111 


Section  B  {aampU  661-D), 


Roof,  shale. 

Coal 

Sulphur 

Coal 

Mother  coal 

Coal 

Mother  coal 

Coal 

Floor,  fire  clay. 


Ft.  in. 
i 
i 

lot 

i 

1    6 


Chemical  analyses  of  Denver  No.  2S  coal. 


—  .   — 

Mine  samples. 

Car  sample  (7( 

kf     T\\ 

660-D. 

661-D. 

ll-l/). 

Air 
dried. 

Asie- 
oeived. 

Dry 
coal. 

Air 
dried. 

As  re- 
ceived. 

Dry 
coal. 

Air 
dried. 

As  re- 
ceived. 

coal. 

Alr-^lrvhiff  Ion. 

3.30 
3.05 
35.11 
53.37 
0.47 
4.13 

4.10 

2.  OS 

34.20 

52.58 

11.14 

6.99 

2.80 

3.03 

34.24 

48.65 

14.06 

5.22 

rilouture 

&.'28 

33.96 

61.61 

9.16 

3.99 

64.48 
9.67 
4.21 

6.00 
32.80 
50.43 
10.68 

5.74 

*34.'93' 

53.  GO 

11.38 

6.11 

5.75 

33.28 

47.29 

13.08 

5.07 

5.01 

66.68 

1.15 

8.41 

6,721 
12,098 

6,866 
12,359 

1- 

Volatile  mmtttf 

35.28 

Fixed  carbon 

6a  21 

jAiih 

14.51 

fiBaif^ur 

5.38 

Hydrocen 

4.64 

«« 

•*j*"»»^'""*  • 

Ciurhon -  - 

70.75 

P 

Nitrocen 

1.22 

•  J.V.WQW...  .......•..•.•...• 

3.60 

Ca 

] 

{ 

iorlflc  value: 
Determined— 

Calories 

7,476 

7.229 
13,012 

7.632 
13,738 

k 

6,915 
12,447 

7,132 

B.t.a 

Calculated  from  ultimate 
analTsb— 
Caloiiea 

12,838 

7,285 

B.  t.  u 

( 

13,113 

1 

a  Not  inciuded  in  sample. 


DESCRIPTIONS  OF  SAMPLES. 
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Denver  No.  24. 

A  shipment  consisting  of  25  tons  of  refuse  from  a  washery  at 
Starkville,  Las  Animas  County,  Colo.^  was  designated  Denver  No.  24. 
Washing  tests  276  and  277  were  made.  No  mine  samples  were  taken 
in  connection  with  this  shipment.  No  ultimate  analysis  of  the  coal 
was  made. 

ProximaU  chemical  analyns  of  Denver  No.  24  coal  (car  sample  8S8-D). 


DrycoaL 


ICoisUire 

VolatUo  ■wtter 
Fixed  carbon. . 

Asb 

Sulpbur 


20.13 

26.96 

53.91 

.42 


Denver  No.  25. 

Bituminous  coal  from  a  mine  working  the  '^Cameron''  bed,  1^ 
miles  southwest  of  Rugby,  Las  Animas  County,  Colo.,  on  the  Colorado 
and  Southern  Railway,  was  designated  Denver  No.  25. 

This  shipment  consisted  of  40  tons  of  1-inch  screenings  and  was 
used  in  making  washing  tests  267,  268,  and  269,  and  coking  tests 
291,  292,  295,  and  296. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample 
734-D  was  taken  250  feet  north  of  the  drift  mouth,  where  the  coal 
measured  as  shown  in  section  A;  sample  735-D  was  taken  250  feet 
south  of  the  drift  mouth,  where  the  coal  measured  as  shown  in  sec- 
tion B. 


Section  A  (sample  7S4^D). 

Roof,  shale.                                   Ft.  in. 

Coal H 

Mother  coal } 

Coal 6i 

Bonecoalo li 

Coal 9i 

Sulphur } 

Coal 7 

Bone  coal '. 1 J 

Coal 1  4i 

Floor,  shale.  

3  8J 


Section  B  (sample  7S5-D). 

Roof,  shale.                                  Ft.  In. 

Coal 6i 

Bone  coal  a IJ 

Coal 5i 

Bone  coal  a IJ 

Coal 3| 

Sulphur J 

Coal 1  llj 

Floor,  shale.  

3    61 


•  Not  included  in  sample. 
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WASHING  AND  COKING   TESTS  OF   COAL. 


Chemical  analyses  of  Denver  No.  tS  coal. 


Mine  samples. 

Car  sample  (8( 

kC    T\\ 

734-D. 

• 

735-D. 

16-1/). 

Air 
dried. 

As  re- 
ceived. 

coal. 

Air 
dried. 

As  re- 
ceived. 

Dry 

coal. 

Air 
dried. 

As  re- 
ceived. 

Dry 
coal. 

Alr-drvlnff  loss 

1.10 

2.20 

36.48 

52.02 

9.30 

.73 

1.60 

2.21 

37.14 

52.09 

8.56 

.71 

1.40 

1.73 

35.72 

48.36 

14.19 

.82 

[Moisture 

3.28 
36.08 
51.44 

9.20 
.72 

"'37.31* 
53.18 
9.51 
.74 

3.77 
36.55 
51.26 

8.42 
.70 

37.08 

53.27 

8.75 

.73 

8.11 

35.22 

47.68 

13.99 

.81 

4.86 
67.60 

1.36 
11.38 

6,775 
12,195 

6,666 
11,99^ 

M 

Volatile  matter 

36.35 

&' 

Fixed  carbon 

49.21 

P^ 

jAsh 

14.44 

Ca 

( 

*  Sulphur 

.84 

'.  lydroKen 

4.65 

Carbon 

60.77 

N  i  trogen 

■■■•••** 

1.40 

Oyxgen 

8.00 

Jorlfic  value: 
Determined— 

Calories 

7,258 

7,178 
12,920 

7,421 
13,358 

6,870 
12,366 

6.992 

B.t.u.. 

Calculated  from  ultimate 
analysis- 
Calories 

12,586 

6.880 

B.  t.  u 

12,383 

Denver  No.  26. 

Subbituminous  coal  from  the  lower  bed  at  Lafayette,  Boulder 
County,  Colo.,  on  the  Colorado  and  Southern  Railway,  was  desig- 
nated Denver  No.  26. 

This  shipment  consisted  of  40  tons  of  run-of-mine  coal  and  was 
used  in  making  coking  test  293. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample 
792-D  was  taken  1,500  feet  southwest  of  the  shaft,  where  the  coal 
measured  as  shown  in  section  A;  sample  793-D  was  taken  3,000  feet 
west  of  the  shaft,  where  the  coal  measured  as  shown  in  section  B. 


Section  A  (sample  792-D). 

Roof,  coal.  Ft.   in. 

Coal 2  llj 

Mother  coal  and  sulphur \ 

Coal 7i 

Mother  coal  and  sulphur \ 

Coal 3    5 

Floor,  baatard  fire  clay.  


Section  B  (sample  79S-D). 

Roof,  coal.  Ft.  in. 

Coal 4    2 

Bone  coal 1 J 

Coal 2    9 

Floor,  bastard  fire  clay.  
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( 

Ihemical  analyses  ofl 

Mine  Si 

')enver . 

No.  fS  coal. 

Car  sample  (8( 

imples. 

.^ 

)3-D) 

Air 
dried. 

792-D. 

Asre- 
odved. 

Air 
dried. 

793-D. 

As  re- 
ceived. 

Dry 
ooaJ. 

Dry 
coal. 

Air 
dried. 

As  re- 
ceived. 

Dry 
coal. 

Alf^r^inff  IwM 

1.30 
17.70 
37.77 
40.60 

4.03 
.30 

5.40 
16.68 
41.60 
38.22 

3.60 
.36 

5.60 
14.58 
36.02 
43.83 

4.97 
.41 

fMoBtare 

18.77 

37.28 

39.97 

3.98 

.30 

49.20 

4.90 

.37 

21.08 

39.35 

36l16 

3.41 

.36 

"49.86' 
45.82 
4.32 
.46 

19.28 
34.61 
41.41 

4.70 
.39 

5.99 
67.94 

1.28 
29.70 

6,691 
9,064 

5,476 
9,857 

M 

Volatile  matter 

42.87 

^' 

Fixed  carbon 

51.30 

PN 

fAsh 

6.83 

iSolphur 

.48 

uvdronD.... 

4.n 

Carbon 

1 

71.78 

P 

Nitrogen 

1 

1.68 

Oxygen 



15.60 

Ga 

i 

loriflc  value: 
Determined- 
Calories 

6,678 

5,004 
10,087 

6,899 
12,418 

6,917 
10,651 

6,926 

B.  t.  o 

12,467 

Syenlated  from  ultimate 
analysia— 
C^orles 

. 

6,784 

B.  t.  u 

12,211 

....... 

Denver  No.  27. 

Bituminous  coal  from  the  ^'Berwind"  bed,  1  mile  west  of  Berwind, 
Las  Animas  County,  Colo.,  on  the  Colorado  and  Southern  Railway, 
was  designated  Denver  No.  27. 

This  shipment  consisted  of  40  tons  of  run-of-mine  coal  and  was  used 
in  making  washing  test  271  and  coking  tests  297,  300,  301,  and  302. 

As  this  was  an  undeveloped  mine,  only  one  mine  sample  was  taken 
for  chemical  analysis.  Sample  796-D  was  taken  180  feet  southwest 
of  the  shaft,  where  the  coal  measured  as  shown  in  section  A. 


Roof,  bone  coal. 
Coal 


Section  A  {sample  796-D). 


Floor,  Ranclfltone. 

Chemical  analyses  of  Denver  No.  27  coal. 


Ft.    In. 
5  11} 


Mine  sample  (796-D). 


Car  sample  (880-D). 


9^ 


Air-drying  loss 

fMobtare 

Volatile  matter 

Fixed  carbon 

JAsh 

iSulph^ 

Hydrogen 

Carbon 

Nitiofen , 

Oxygen 

Calorific  vaioe: 

Determined— 

Calories 

B.  t.u 

Galcnlated  from  nlttanate  analysis— 

Calorits 

B.t.n , 


Air  dried. 


5.80 

.67 

33.78 

60.92 

14.63 


7,207 


As  re- 
ceived. 


6.43 

31.82 

47.97 

13.78 

.56 


Dry  coal. 


34.00 

51.27 

14.73 

.60 


6,780 
12,220 


7,256 
13,061 


.\lr  dried. 


2.  GO 

1.66 

33.24 

51.57 

13.53 

.66 


7,233 
13,019 


As  re- 
ceived. 


Dry  coal. 


4.22 

32.38 

60.22 

13.18 

.64 

5.14 
70.69 

1.20 

9.15 


7,045 
12,681 

7,105 
12,780 


33.80 

52.44 

13.76 

.67 

4.88 

73.80 

1.25 

5.64 


7,356 
13.239 

7,418 
13,363 
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Denver  No.  28. 

Bituminous  coal  from  a  bed  at  Cameo,  Mesa  County,  Colo.,  on  the 
Denver  and  Rio  Grande  and  Colorado  Midland  railroads,  was  desig- 
nated Denver  No.  28. 

This  shipment  consisted  of  40  tons  of  4-inch  run-of-mine  coal  and 
was  used  in  making  washing  test  272  and  coking  tests  298,  303,  and 
305. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample 
839-D  was  taken  3,500  feet  northwest  of  the  drift  mouth,  where  the 
coal  measured  as  shown  in  section  A;  sample  840-D  was  taken  3,700 
feet  northwest  of  the  drift  mouth,  where  the  coal  measured  as  shown 
in  section  B. 


Section  A  {mxmple  8S9-D), 

Roof,  shale.  Ft.  In. 

Coal 1  lOJ 

Hard  shale  « 1 

Coal 3    6 

Floor,  bone  coal.  

5    5} 


Section  B  {sample  840-D). 

Roof,  shale.                                    Ft  in. 

CJoal 2  2J 

Shaleo f 

Coal 2  6 

Shale  and  bone  a 5 

Coal 1  2i 

Floor,  bone  coal.  

6  5 


Chemical  analyses  of  Denver  . 

No.  28  coal. 

Mine  samples. 

Car  sample  (8( 

S!L.D^ 

839-D. 

84&-D. 

M^  "/• 

Air 
dried. 

As  re- 
ceived. 

Dry 
ooal. 

Air 
dried. 

As  re- 
ceived. 

SI 

Air 
dried. 

As  re- 
ceived. 

52 

Air.ilrvlnir  Iran        _      . 

1.70 

5.50 

35.82 

48.16 

9.53 

.59 

2.10 

6.44 

36l96 

49.65 

7.92 

.57 

3.60 

5.10 

36.25 

46.89 

12.76 

.60 

riCouture 

7.11 
35.21 
48.31 

9.37 
.58 

"  '37.'96* 
52.01 
10.09 
.62 

7.43 
36.20 
48.62 

7.75 
.66 

'"3».'ii' 

62.52 

8.37 

.61 

a62 

33.96 

46.20 

12.30 

.68 

6.38 
64.50 

1.31 
16.93 

6.288 
11,318 

6,393 
11,607 

H 

Volatile  matter 

37.15 

t 

Fixed  carbon 

40.40 

lAsh 

13.46 

iSulohur 

.63 

■  k7UI|#UU.    ................. 

Hvdroeen. 

4.84 

*i 

Carbon 

70.61 

P 

Nltrosen 

1.43 

Oxygen 

9.14 

Ca 

] 

i 

iorlflo  value: 
Determined- 
Calories 

6,915 

6,770 
12,186 

7,314 
13,165 

6,523 
11,741 

6,873 

B.  t.  u 

12,371 

Calculated  fh>m  ultimate 
annlysls— 
Calories 

6.088 

B.  t.  u 

12,679 

a  Not  included  in  sample. 
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Denyeb  No.  29. 

Bituminous  coal  from  the  upper  part  of  the  coal-basin  bed  at  Coal- 
basin,  Pitkin  County,  Colo.,  on  the  Crystal  River  Railroad,  was  desig- 
nated Denver  No.  29. 

This  shipment  consisted  of  25  tons  of  run-of-mine  coal  and  was  used 
in  making  washing  tests  274  and  275  and  coking  tests  299, 306,  and  307. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample  5255 
was  taken  on  the  second  level  on  the  right  of  the  slope,  where  the  coal 
measured  as  shown  in  section  A;  sample  5346  was  taken  in  No.  58 
slant,  where  the  coal  measured  as  shown  in  section  B. 


Section  A  (sample  5255). 

Ft.  In. 

Coal  (soft) 3  3 

Coal 2  4 

Bone  coal  <> 1  4 


Section  B  (sample  5S46). 


Coal. 


Ft.  In. 
6    6 


6     11 


Chemical  analyses  of  Denver  No.  29  coal. 


Mine  samples. 

Car  sample  (88 

L4^r*\ 

S255. 

5346. 

•4- LI;. 

Air 
dried. 

As  re- 
ceived. 

sa. 

Air 
dried. 

As  re- 
ceived. 

Dry 
ooai. 

Air 
dried. 

As  re- 
ceived. 

Dry 
ooal. 

Atr-drvliir  Inss 

0.40 

.80 

22.48 

73.20 

afi2 

.74 

1.20 

L20 

19.68 

7L62 

7.50 

.53 

1.80 

1.29 

23.00 

66.29 

9.33 

.64 

fMofetare 

1.20 

22.30 

72.90 

3.51 

.74 

2166 

73.79 

.^65 

.75 

2.30 
10.44 
7a  76 

7.41 
.52 

"'19.92' 
72.40 
7.59 
.53 

3.07 
22.67 
65.10 

9.16 
.63 

4.96 
78.81 

1.69 

4.75 

7,772 
13,990 

7,888 
14,196 

M 

Volatile  matter 

23.39 

& 

FIxml  cvtHNi 

67.16 

IAi»h. 

9.45 

flSolirtiar 

.65 

m 

HranMpnia.w  ..,  . 

4.77 

*• 

Cvbon 

81.31 

D 

Nitrogen 

1.74 

Oxygwi 

2.08 

Ob 

J 

i 

loriAc  value: 
Determined— 

Calories 

8,084 

7,987 
14,377 

8,183 
14,729 

7,915 
14,247 

8,018 

B.  t.  u 

14,432 

iTaicnlaterl  from  ultimate 
analvais— 
Calories 

8,138 

B.  t.  u 

14,648 

Denver  No.  30. 

Bituminous  coal  from  the  lower  part  of  the  coal-basin  bed  (not 
being  worked  at  present)  at  Coalbasin,  Pitkin  County,  Colo.,  on  the 
Crystal  River  Railroad,  was  designated  Denver  No.  30. 

This  shipment  consisted  of  17  tons  of  run-of-mine  coal  and  was 
used  in  making  washing  tests  273  and  275  and  coking  tests  304 
and  307. 


a  Not  included  in  sample. 
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This  coal  is  from  the  same  bed  as  Denver  No.  29,  being  the  lower 
part  of  it.  This  is  the  floor  coal  of  the^sections  shown  in  Denver 
No.  29,  and  is  called  bone  coal  because  it  contains  more  impurities 
than  the  upper  part  of  the  coal  bed 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample  5262 
was  taken  in  the  main  slope  air  course,  where  the  coal  measured  as 
shown  in  section  A;  sample  5249  was  taken  in  the  second  level  on 
the  right  of  the  slope,  where  the  coal  measured  as  shown  in  section  B. 


Section  A  (iample  5262). 


Coal,  a 
Bone  coal. 


Ft.    In. 
3     10 


Section  B  {sample  5249). 

Ft.  In. 

Coal« 6  6 

Bone,  coal 5  0 


11      6 


Chemical  analyses  of  Denver  No.  30  coed. 


-  — 

Miness 

imples. 

Carsa 

Air 
dried. 

^mple  (8£ 

lfi^T*\ 

5262. 

5249. 

tt^-U). 

Air 
dried. 

As  re- 
ceived. 

Drv 
coal. 

Air 
dried. 

As  re- 
ceived. 

Dry 
coal. 

• 

As  re- 
ceived. 

S3. 

Alr-drvinfir  lass 

0.40 

1.28 

21.41 

67.99 

9.32 

.47 

0.30 

1.30 

19.66 

50.56 

19.48 

.45 

1 
1 

3.10 

.67 

22.83 

64.40 

12.10 

.41 

Mouture 

1.67 
21.32 
67.73 

9.28 
.47 

■"21.' 88" 
68.88 
9.44 
.48 

1.60 

19.60 

59.38 

19.42 

.45 

■"19*92' 
60.34 
19.74 
.46 

3.75 

22.12 

62.41 

11.72 

.40 

4.79 
75.80 

1.45 

5.84 

7,416 
13,349 

7,633 
13,550 

M 

Volatile  matter 

23.96 

e 

Fixed  carbon 

64.84 

Pk 

/Ash 

12.18 

jSulphur 

.42 

• 

Hydrogen 

4.54 

•** 

5 

Ca 

] 

< 

Carbon 



78.75 

Nitrogen 

1               1 

1.61 

Oxvgen 

*                        t 

2.00 

loriAc  value: 
[>etennined— 

Calories 

7,843 

7,812 
14,062 

7,945 
14,301 

7,653 
13,755 

7,704 

B.t.u 

Calculated  from  ultimate 
analysis: 
Calories 

13,867 

7,826 

B.  t.  u 

14,067 

Denver  No.  31. 

Bituminous  coal  from  the  '*  Carthage ''  bed,  at  Carthage,  Socorro 
County,  N.  Mex.,  on  the  New  Mexico  Midland  Railroad,  was  desig- 
nated Denver  No.  31. 

This  shipment  consisted  of  30  tons  of  run-of-mine  coal  and  was 
used  in  making  washing  test  279  and  coking  tests  311,  312,  and  313. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample 
890-D  was  taken  870  feet  south  of  the  slope  mouth,  where  the  coal 
measured  as  shown  in  section  A;  sample  889-D  was  taken  700  feet 
south  of  the  slope  mouth,  where  the  coal  measured  as  shown  in 
section  B. 


a  Not  Incladed  In  sample. 
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Section  A  (sample  890-D). 

Roof,  bone  coal.  Ft.  in. 

Coal 1      ) 

Shalea 1| 

Coal 1    2 

Shale  and  sulphur  <^ } 

Coal 1      } 

Bastard  fire  clay  « 2 

Coal 8J 

Coal  and  shale } 

Coal 8} 

Floor,  shale.  77 

5    4} 


Section  B  {sample  8S9-D). 

Roof,  sandstone.  Ft.  in. 

Coal 1  2 

Shalea 6 

Coal 6i 

Sulphur 1 

Coal 1  71 

Bastard  fire  clay  « 3 

Coal 1  6} 

Floor,  shale.  

5  7i 


Chemical  analyses  of  Denver  No.  SI  coal. 


S 


1 
Mine  samples. 

.__.l..  /nq 

t%    TW 

889-D. 

890-D. 

v/ar  8aiu|jie  ^vt^f-u/. 

Air 
dried. 

As  re- 
ceived. 

Dry 
coal. 

Air 
dried. 

As  re- 
ceived. 

Dry 
coal. 

Air 
dried. 

As  re- 
ceived. 

Dry 
coal. 

Alr-drvlnir  loss 

1.30 

2.06 

39.06 

50.50 

7.46 

.84 

2.10 

1.85 

39.70 

47.83 

10.62 

.72 

0.60 

2.37 

37.43 

45.39 

14.81 

.80 

rMo&tiire 

3.35 
30.44 
49.85 

7.36 
.83 

'  40.' so" 
51.58 
7.62 
.86 

3.91 

38.87 

46.82 

10.40 

:70 

"46.44' 
48.74 
10.82 
.73 

2.96 

37.20 

45.12 

14.72 

.79 

4.78 
67.73 

1.26 
10.71 

6.786 
12,215 

6,676 
12,017 

M 

Volatile  matter 

38.33 

O. 

Fixed  carbon 

46.50 

(L 

/Ash 

15.17 

^SulDtaur V . 

.81 

HvrtrQggn  -___^.,_,,,^ 

4.59 

Carbon 

69.80 

H 

Nitrogen 

1.30 

Oxygen 

8.32 

] 
i 

lortflc  value: 
[>eteniiiaed— 

CUorles 

7,231 

7,079 
12,742 

7,367 
13,261 

6.827 
12,289 

6,903 

B.  t.u 

12,587 

i^ttf^ilffctad  firom  ultimate 
analysis— 
Galories 

6,880 

B.  t.  u 

1      ' 

12,384 

Denver  No.  32. 

Bituminous  coal  from  the  Yampa  or  Lower  bed,  at  Oak  Creek, 
Routt  County,  Colo.,  on  the  Denver,  Northwestern  and  Pacific  Rail- 
road, was  designated  Denver  No.  32. 

This  shipment  consisted  of  40  tons  of  run-of-mine  coal  and  was  used 
in  making  washing  test  278  and  coking  tests  308,  309,  and  310. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample 
916-D  was  taken  from  the  face  of  the  main  slope,  725  feet  northwest 
of  the  slope  mouth,  where  the  coal  measured  as  shown  in  section  A; 
sample  915-D  was  taken  from  the  face  of  the  south  slope,  700  feet 
northwest  of  the  mouth,  where  the  coal  measured  as  shown  in 
section  B. 


a  Not  included  in  sample. 
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Section  A  {sample  91&-D). 

Roof,  Bandstone.  Ft.  in. 

Coal 61 

Shale i 

Coal 1    6i 

Hardshalea 10 

Coal 2    7i 

Floor,  shale.  " 

5    6i 


Section  B  (sample  915-D). 

Roof,  sandstone.  Ft.   in. 

Coal 6} 

Shale i 

Coal.... 1      7J 

Hardahalea 10 

Coal 2      9} 

Floor,  shale.  

5    lOi 


Chemical  analyses  of  Denver  No.  S2  coal. 

Mine  samples. 

* 

Car  sample  (9i 

pt   'n\ 

015-D. 

9I6-D. 

'l-lJ). 

Air 
dried. 

As  re- 
ceived. 

Dry 
coal. 

Air 
dried. 

As  re- 
ceived. 

Dry 

coal. 

Air 

dried. 

As  re- 
ceived. 

S2. 

Alr-drvine  loss 

0.90 

6.69 

36.68 

46.88 

ia76 

1.62 

[Moislure 

6.43 

37.36 

47.66 

8.63 

1.53 

6.16 

38.12 

47.92 

7.80 

1.10 

■46.62' 

61.07 

8.31 

1.17 

7.63 
36.36 
4&46 
ia65 

1.61 

6.29 
6190 

1.41 
16.24 

6,306 
11,469 

6,400 
11,620 

Volatile  matter 

39.93 

60.85 

9.22 

1.63 

30.32 

2' 

Fixed  carbon 

49.16 

£ 

/Ash 

11.62 

^ulphur 

1.63 

• 

flydroeen 

4.81 

Carbon 

7a  10 

u> 

Nitrogen 

1 

1.62 

Oxygen 

1 

lasa 

Ca 

] 

i 

loriflo  value: 
Determined- 
Calories 

6,707 
12,073 

7,147 
12,865 

6,423 
11,661 

6,884 

B.  t.  o 

12,391 
6.921 

Dalcalated  from  ultimate 
analysis— 
Calories 

B.  t.  u 

12.468 

Denver  No.  33. 

Bituminous  coal  from  the  No.  7  bed  at  Sweetwater,  Sweetwater 
County,  Wyo.,  on  the  Union  Pacific  Railroad,  was  designated  Denver 
No.  33. 

This  shipment  consisted  of  40  tons  of  run-of-mine  coal  and  was 
used  in  making  washing  test  280  and  coking  tests  314  and  315. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample 
946-D  was  taken  approximately  1^  miles  north  of  the  drift,  where  the 
coal  measured. as  shown  in  section  A;  sample  945-D  was  taken 
1^  miles  north  of  the  drift,  where  the  coal  measured  as  shown  in 
section  B. 


Section  A  {sample  946-D). 

Roof,  sandy  shale. 

Coal 

Shale 

Coal 

Floor,  sandstone. 


Ft.   in. 
1    11 

1 
3    11} 

5    11 


Section  B  {sample  945-D). 

Roof,  sandy  shale.  Ft.   izL 

Coal 1    11 

Shale i 

Coal 4        J 

Floor,  sandstone.  ~ 

6    00 


a  Not  included  In  sample. 
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Chemical  OTialyMeM  of  Denver  No.  SS  com. 


Mine  samples. 

Car  sample  (01 

'^—l^X 

04fr-D. 

046-D. 

o-U). 

Air 
dried. 

As  re- 
ceived. 

S2. 

Air 
dried. 

As  re- 
ceived. 

S3. 

Air 
dried. 

As  re- 
ceived. 

Dry 
ooei. 

AlT'^lrvlnff  InRS 

1.40 

7.51 

30.4* 

5a  16 

2.H8 
1.00 

1.40 

7.74 

38.08 

50.61 

2.67 

.80 

.40 

8.27 

38.02 

48.50 

4.61 

1.00 

rifoutare 

8.80 
38.00 
40.46 

2.84 
.00 

*  42." 65' 
M.24 
3.11 
LOO 

0.03 
38.43 
40.01 

2.63 
.88 

"  42.24" 
64.87 
2.80 
.07 

8.04 

38.47 

48.30 

4.50 

1.00 

6.53 

60.65 

1.53 

17.71 

6,764 
12,175 

6,788 
12,218 

Volatile  matter 

42.11 

1' 

Fixed  carbon 

52.87 

/Ash 

5.02 

[  Sokihiir 

1.10 

,* 

1  TQFOffeO  ••• 

5.00 

5 

CarbcMi 

76.13 

Nitrogen 

1.67 

Oxjgeo 

10.00 

Qi 

] 

i 

loriiic  value: 
Determined— 

Calorics 

7,033 

6,035 
12,483 

7,623 
13,721 

6,791 
12,224 

7,404 

B.t.u 

13,327 

Dileiilated  from  ultimate 
■nalTiis— 
Odoriee. 

7.430 

B.  t.u. 

13,373 

WASHING  TESTS. 

By  G.  R.  Delamater. 
INTBODXTCTOBY  STATEMENT. 

The  equipment  and  operation  of  the  Denver  washery  in  the  previous 
tests  were  described  in  Bulletin  368.  In  brief,  the  run-of-mine  coal 
from  the  railroad  car  was  shoveled  to  a  hopper  scale,  whence  it  passed 
throu|;h  a  toothed-roll  crusher  that  broke  it  down  to  a  maximum  of 
2^  inches.  Thence  an  apron  conveyor  and  a  bucket  elevator  took 
the  raw  coal,  which  was  sampled  at  the  elevator,  to  one  of  six  storage 
bins.  The  sample  of  coal  was  analyzed  and  float-and-sink  tests 
were  made  on  it  to  determine  the  size  giving  the  best  separation. 
From  the  storage  bin  the  coal  went  to  a  corrugated-roll  disintegrator, 
where  it  was  crushed  to  the  desired  size;  thence  another  elevator 
carried  it  to  a  storage  bin.  From  this  it  went  to  the  sluice  boxes 
leading  to  the  jigs.  A  Richards  jig  and  a  special  jig  were  used.  The 
washed  coal  was  finely  crushed  by  a  Pennsylvania  hammer  crusher, 
then  elevated  to  the  top  of  the  washery  building  and  conveyed  to  a 
chute  supplying  the  coke-oven  larry. 

CHANQES  IN  EQUIPMENT. 

For  the  tests  described  in  this  bulletin  a  few  changes  were  made  in 
the  equipment. 

One  50-banel  water  tank  was  installed  and  the  water  Unes  from 
the  pump  were  changed  to  deUver  direct  to  this  tank,  thus  giving  a 
head  of  about  30  feet  to  the  water  for  the  jigs.  This  arrangement 
gave  much  better  results,  as  will  be  noted,  for  instance,  in  the  tests  on 
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the  Montana  coals,  in  which  much  better  separations  were  made  than 
were  made  the  year  before  on  similar  coals.  Changes  in  the  sludge- 
tank  arrangement  could  not  be  made,  and  in  consequence  the  loss  in 
the  refuse  continued.  Riffling  the  tank  brought  about  some  improve- 
ment in  some  of  the  coals  tested,  but  not  in  all. 

A  Richards  regulation  4-inch  four-compartment  pulsator  ore  jig 
was  tried  in  some  of  the  tests,  and  later  a  4-inch  six-compartment  jig 
of  the  same  type  was  tried  with  interesting  results.  In  some  of  the 
tests  the  refuse  from  these  jigs  was  remarkably  free  from  coal,  but  in 
none  was  the  ash  reduction  satisfactory.  However,  it  must  be  remem- 
bered that  neither  jig  was  built  for  cleaning  coal,  but  was  a  regular  ore 
jig.  The  writer  beUeves  the  pulsations  are  as  nearly  perfect  as  in  any 
jig,  and  that  with  careful  redesigning  to  suit  the  conditions  peculiar 
to  coal,  a  machine  can  be  built  which  will  greatly  assist  in  overcom- 
ing some  of  the  present  difficulties  of  coal  washing.  The  main  trouble 
with  the  jig  as  now  constructed  appears  to  be  that  the  jig  takes  off 
the  heavier  refuse  in  the  first  two  or  three  compartments,  and  it  is 
practically  impossible  to  obtain  a  bed  in  the  others.  The  machine 
now  has  no  trouble  in  removing  the  heavier  refuse  matter,  but  is 
ineffective  in  separating  the  bone  and  refuse  matter  that  has  a  spe- 
cific gravity  close  to  that  of  the  good  coal.  This  defect  is  probably 
due  to  the  fact  that  the  designer  of  the  machine  had  ore  practice  only 
in  mind,  in  which  work  the  specific  gravity  of  the  tailings  is  decidedly 
less  than  that  of  the  concentrates  and  the  product  of  each  compart- 
ment is  different  and  is  kept  separate  after  leaving  the  machine. 
However,  as  previously  stated,  the  writer  believes  that  the  miu^hine 
can  be  designed  to  overcome  the  different  conditions  of  coal  washing, 
and  those  concerned  in  this  subject  will  watch  with  interest  the  devel- 
opment of  this  machine  for  use  in  the  washing  of  coal. 

FLOAT-AND-8INK  TESTS. 

The  float-and-sink  tests  were  made  with  machines,  and  as  large  a 
sample  as  possible  was  used,  usually  2  kilograms  to  a  test.  Whereas 
with  the  old  system  of  skimming  and  filtering  there  was  difficulty  in 
making  an  average  of  two  tests  a  day,  with  the  new  machines  now  in 
use  it  is  easily  possible  to  make  30  to  35  tests  a  day.  Another  great 
advantage  is  that  the  Uquid  is  not  removed  from  the  tanks  through- 
out the  tests.  Much  time  and  labor  is  thus  saved,  though,  of  course, 
most  of  the  extra  time  consumed  in  the  old  method  was  taken  up  by 
the  filtering. 

Figure  1  shows  the  float-and-sink  machine.  It  is  composed  of  a 
wooden  box  about  30  inches  long  and  12  inches  wide,  with  double  ends 
and  partitions  m,  m  dividing  the  box  into  three  compartments.  The 
central  compartment  contains  the  specific  gravity  solution  and  is  lined 
throughout  with  sheet  zinc.     Two  standard  laboratory  sieves,  g,  with 
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TiavsB  1.— Fhat-aad-aiDk  le 
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60-mesh  brass  cloth  bottoms,  are  supported  by  a  light  iron  frame,  /. 
On  the  rear  comers  at  each  end  of  this  frame /two  pieces  of  strap  iron, 
a  J  a,  bent  in  the  form  of  a  U  are  riveted  in  the  manner  shown  in  section 
B-B.  They  straddle  the  partitions  m,  m;  the  rear  edges  of  the  out- 
side legs  have  teeth  cut  therein,  as  shown  in  section  A-A,  and  mesh 
with  pinions,  e,  which  are  supported  on  a  shaft,  8,  Guides,  &,  &, 
hold  the  frame  extensions  a,  a  in  position,  the  roUers  v,  v  allowing 
free  vertical  movement  of  the  frame  extensions  a,  a.  When  the  box 
Ud  is  thrown  back  the  upper  portion  Jc  of  the  box  end  may  be  opened 
as  shown,  the  handle  d  then  being  used  in  turning  the  shaft  8  and  the 
frame  /  being  raised  or  lowered  as  desired.  The  outside  legs  of  the 
frame  extensions  a,  a  are  the  longer,  so  that  they  may  still  remain  in 
the  guides  h,  h  when  the  frame  /  is  in  its  highest  position.  For  this 
reason  a  false  bottom  is  used  in  the  central  compartment  to  reduce 
the  amount  of  liquid  necessary  to  fill  the  tank,  and  the  space  beneath 
the  false  bottom  is  used  for  drawers,  where  the  machine  accessories 
may  be  kept. 

The  cylinder  A  is  of  thin  plate,  the  diameter  being  a  little  less  than 
that  of  the  sieve  pans;  it  is  supported  on  the  shafts  s  and  s'  as  shown, 
the  wheels  t  resting  directly  on  s  and  s'  and  permitting  a  free  move- 
ment of  the  cylinder  from  end  to  end  of  the  box.  When  the  frame/is 
in  its  lowest  position  the  bottom  of  the  cylinder  h  clears  the  top  of 
the  sieve  pans  by  about  an  eighth  of  an  inch. 

The  central  compartment  is  filled  with  a  solution  of  the  desired 
specific  gravity  to  about  the  level  shown  in  section  B-B,  and  the  sieve 
pans  and  cylinder  are  placed  in  the  positions  shown  in  full  outline, 
section  B-B.  The  frame  /  is  elevated  until  the  sieve  cloth  touches 
the  bottom  of  the  cylinder  h,  and  the  coal  sample  is  then  deposited 
inside  the  cylinder  h.  After  proper  stirring  to  free  all  the  particles, 
those  lighter  than  the  Uquid  float  and  those  heavier  settle  to  the  bot- 
tom of  the  cylinder,  resting  on  the  screen  cloth.  The  machine  is  left 
in  this  position  for  a  few  moments;  then  frame /is  lowered  to  the 
bottom.  The  cylinder  h  is  then  very  slowly  moved  to  the  position 
shown  by  the  dotted  outline  h\  the  float  in  the  cylinder  being  carried 
over  with  it.  The  frame /is  then  elevated  very  slowly  until  entirely 
out  of  the  hquid,  as  shown  in  the  dotted  outline  g\  the  liquid  in 
the  sieve  pans  filtering  through  the  cloth  bottoms  and  leaving  the 
sink  in  the  left-hand  pan  and  the  float  in  the  other.  The  pans  are 
then  lifted  from  the  frame  /  and  the  samples  are  carefully  rinsed  in 
the  pans  with  water  by  means  of  a  spray,  all  particles  adhering  to  the 
cylinder  h  being  washed  into  the  pan  containing  the  float.  The 
samples  are  then  weighed  in  the  pans,  the  pan  weights  subtracted 
therefrom,  and  the  percentages  of  float  and  sink  calculated.  The 
float  sample  is  then  ready  for  analysis. 
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Only  one  part  of  the  operation  of  this  machine  requires  very  careful 
manipulation.  When  the  cylinder  is  moved  to  the  position  g\  it 
must  be  moved  very  slowly  in  order  that  there  may  be  no  disturb- 
ance of  the  liquid  that  would  cause  some  of  the  float  coal  to  be  sucked 
down  and  out  of  the  cylinder.  This  danger  was  clearly  indicated  in 
the  work  of  this  plant.  After  about  150  tests  had  been  made  on 
these  machines,  practically  no  pieces  were  found  either  floating  on  the 
liquid  or  in  the  bottom  of  the  tanks;  but  a  new  operator  lost  a  con- 
siderable amount  in  making  only  two  tests,  owing  entirely  to  moving 
the  cylinder  over  too  rapidly  and  with  a  short,  jerky  movement.  A 
better  arrangement  would  be  to  move  the  cylinder  by  means  of  a 
small  chain  winding  on  a  suitable  drum.  In  this  manner  the  move- 
ment of  the  cylinder  would  be  uniform  and  as  slow  as  desired.  The 
pan  frame  should  also  be  elevated  very  slowly,  for  otherwise,  if  the 
pans  are  nearly  full,  the  pieces  will  be  washed  out. 

DETAILS  OF  TESTS. 

In  the  following'  table,  in  column  headed  ''Loss  of  good  coal  in 
refuse,"  good  coal  means  all  free  coal  in  the  refuse  the  analysis  of 
which  is  the  same  or  nearly  the  same  as  that  of  the  washed  coal.  The 
percentage  of  loss  expresses  the  relation  of  the  good  coal  in  the  refuse 
to  the  total  of  the  good  coal  in  the  refuse  and  the  washed  coal.  It  is 
obtained  by  the  following  formula: 
Let 

x^the  percentage  of  loss  of  good  coal. 

a^the  percentage  of  washed  coal  in  the  sample. 

ft^^the  percentage  of  refuse  in  the  sample. 

c  =  the  percentage  of  good  coal  (as  defined  above)  in  the  refuse. 

(2  =  the  percentage  expressing  the  relation  of  the  good  coal  in  the 

refuse  to  the  raw  sample;  that  is,  &c=(2. 
Then 

^     lOOd 

35  = 3 
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General  data  of  washing  testa  at  Denver,  Colo.,  1908-9. 


Date. 

• 

Size  of  coal. 

Jigused.o 

■ 

Washed 
coal. 

Refuse. 

coal  in 

iver  No. 

;ood 
fuse. 

§ 

2 

As 
shipped. 

As 
washed. 

Name. 

Speed. 

1 

•  • 

§ 

o 

• 

1 

« 

OSS  of  g 
re 

g 

3 

s 

d 

a 

I 

ft 

H 

Q 

m 

< 

Pk 

< 

Pk 

^ 

1908. 

Jff.  771. 

22  .p.m. 

Tons. 

Tons. 

Tons. 

Pjct. 

15A 

232 

Aug.  26 

2  35 

R.  0.  m . 

f  inch. 

Special 

^^112 

7.36 

6.60 

76 

1.86 

25 

18 

15A 

233 

Aug.  27 

2  46 

...do 

...do... 

...do 

108 

6.90 

5.33 

77 

1.67 

23 

16 

15A 

234 

Aug.  28 

145 

...do 

...do... 

...do 

108 

7.13 

6.27 

88 

.86 

12 

8 

15A 

235 

Aug.  29 

2 

...do 

...do... 

...do 

106 

6.97 

6.43 

92 

.64 

8 

3 

15B 

236 

Sept     1 

220 

Slack.... 

Slack. 

...do 

106 

6.57 

5.32 

81 

1.25 

19 

9 

15B 

238 

Sept.    4 

5 

...do 

finch. 

Richards. . 

86 

5.91 

6.50 

95 

.32 

5 

0.4 

16B 

239 

Sept.    7 

6 

...do..... 

...do... 

...do 

86 

6.61 

6.11 

94 

.40 

6 

2 

15B 

240 

Sept.    8 

245 

...do 

...do... 

...do 

86 

6.01 

6.81 

97 

.20 

3 

a7 

16 

242 

Sept.  14 

3  A5 

R.o.m.. 

1  inch, 
iinch. 

Special. . . . 

106 

14.78 

12.63 

86 

2.16 

15 

6 

16 

247 

Sept.  23 

330 

...do 

Richards. . 

86 

13.34 

11.23 

86 

2.11 

15 

11 

16 

249 

Sept.  28 

3  20 

...do 

...do... 

.  ..do 

86 

11.36 

9.66 

86 

1.70 

15 

11 

17 

237 

Sept.    2 

5  10 

...do 

f  inch. 
1  Inch. 

Special.... 

108 

18.14 

12.88 

71 

5.26 

29 

19 

17 

241 

Sept.   9 

4  15 

...do 

Richards. . 

86 

4.60 

3.99 

86 

.70 

15 

7 

17 

244 

Sept.  16 

2 

...do 

...do... 

...do 

86 

8.00 

6.40 

80 

1.60 

20 

11 

18 

243 

Sept.  15 

3  10 

...do 

f  inch, 
finch. 

Special. . . . 
Richards.. 

108 

13.99 

11.35 

81 

2.64 

19 

6 

18 

245 

Sept.  19 

1  35 

...do 

86 

5.63 

4.90 

87 

.73 

13 

3 

18 

246 

Sept.  21 

1  60 

...do 

...do... 

...do 

86 

5.99 

4.40 

74 

1.60 

26 

18 

18 

248 

Sept.  24 

1  40 

...do 

|inch. 

SpeciaL . . . 
Richards. . 

106 

7.19 

5.97 

83 

1.22 

17 

5 

19A 

2fi0 

Oct.     2 

2 

...do 

inch. 

86 

6.67 

3.80 

57 

2.87 

43 

28 

19A 

JM 

Oct.     3 

1  55 

...do 

inch. 

Special.  .. 
Richards.. 

110 

8.66 

6.80 

67 

2.86 

33 

17 

19A 

262 

Oct.     6 

3  15 

...do 

inch. 

86 

7.06 

4.65 

66 

2.41 

34 

21 

19C 

253 

Oct.     7 

3  40 

...do 

...do... 

...do 

86 

6.61 

4.33 

67 

2.18 

33 

22 

22      254 

Oct.    13 

630 

...do 

...do... 

...do 

76 

6.76 

4.73 

70 

2.03 

30 

6 

22 

255 

Oct.    15 

630 

...do 

finch. 

Special 

110 

13.65 

4.20 

31 

9.35 

60 

25 

21A 

266 

Oct.   21 

2 

...do 

...do... 

...do 

110 

8.92 

7.83 

88 

1.09 

12 

3 

21 B 

257 

Oct.   21 

55 

i  Inch- . . 

...do... 

...do 

120 

7.43 

6.30 

86 

1.13 

15 

8 

21 B 

268 

Oct.   23 

425 

...do 

t  inch. 

Richards.. 

75 

6.25 

6.01 

80 

1.24 

20 

14 

21B 

270 

Nov.  28 

3 

...do 

.  .do... 

...do 

81 

3.11 

2.77 

89 

.34 

11 

8 

23 

260 

Oct.   24 

2  10 

R.o.m.. 

}  inch. 

Special 

120 

6.48 

4.34 

67 

2.14 

33 

18 

23 

260 

Oct.    27 

1  55 

.  ..do 

...do... 

...do 

108 

10.68 

6.24 

69 

4.34 

41 

20 

23 

261 

Oct.   27 

3 

.  ..do 

...do... 

...do 

108 

10.09 

6.90 

66 

3.19 

32 

20 

23 

262 

Oct.   30 

6 

.  ..do 

jinch. 

Richards. . 

75 

8.23 

6.34 

77 

1.89 

23 

17 

23 

263 

Nov.    3 

2  15 

...do 

f  inch. 

Special.... 

106 

7.30 

5.65 

77 

1.65 

23 

11 

20 

264 

Nov.    5 

440 

...do 

...do... 

...do 

106 

10.68 

10.04 

94 

.64 

6 

1 

20 

265 

Nov.    6 

240 

...do..... 

...do... 

...do 

106 

9.01 

6.88 

76 

2.13 

24 

6 

20 

266 

Nov.    7 

620 

...do 

...do.'.. 

...do 

106 

11.84 

10.06 

85 

1.78 

15 

5 

26 

267 

Nov.  12 

3  10 

1-inch 

finch. 

...do 

106 

14.83 

12.16 

82 

2.67 

18 

6 

25 

268 

Nov.  17 

40 

sen  gs. 
...do 

...do... 

.  ..do 

106 

3.82 

3.13 

82 

.60 

18 

11 

25 

209 

Nov.  21 

3 

...do 

...do... 

Richards.. 

96 

4.53 

3.94 

87 

.69 

13 

9 

27 

271 

Dec.     4 

320 

R.o.m.. 

f  inch. 

Special 

106 

18.61 

16.55 

84 

2.96 

16 

8 

28 

272 

Dec.     5 

1  25 

...do 

.  .do... 

...do 

108 

9.74 

8.60 

87 

1.24 

13 

4 

30 

273 

Dec.    7 

2 

.  ..do 

...do... 

...do 

106 

7.71 

6.55 

85 

1.16 

15 

6 

29 

274 

Dec.    9 

1  25 

...do 

...do... 

...do 

106 

10.70 

6.43 

00 

4.27 

40 

29 

29 
30 

}275 
276 

Dec.  10 

230 

...do 

...do... 

...do 

106 

11.14 

9.02 

81 

2.12 

19 

9 

9^J 

24 

Dec.  14 

430 

liinch.. 

finch. 

Richards.. 

81 

13.68 

2.68 

19 

11.00 

81 

57 

24 

277 

Dec.    1 

5 

...do 

Uinch 
finch. 

...do 

81 

8.80 

1.60 

18 

7.29 

82 

44 
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a7 

a  The  special  Jig  has  a  2i-inch  stroke.    In  the  Richards  Jig  the  number  of  pulsations  per  minute  is  twice 
the  number  of  revolutions. 

As  in  the  previous  year's  work,  all  analyses  are  reduced  to  a  dry 
basis  to  afford  better  comparison  of  the  test  results. 

In  the  following  tables  of  analyses  the  columns  Leaded  ''Percentage 
of  reductions"  show  the  proportionate  difference  between  the  per- 
centage of  the  stated  impurity  in  the  raw  coal  and  in  the  washed 
coal.  The  columns  headed  "Percentage  removed"  give,  with  refer- 
ence to  the  quantity  of  the  stated  impurity  in  the  raw  coal,  the 
proportion  removed  by  washing.  These  figures  are  determined  by 
the  following  formulae: 
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Let 

X  =  the  percentage  of  reduction  of  any  constituent. 

Y=the  percentage  of  any  constituent  removed  by  washing. 

M  =  the  percentage  that  the  amount  of  the  constituent  in  the 

washed  coal  is  of  the  raw  coal. 
a=3the  percentage  that  the  washed  coal  is  of  the  raw  coal. 
b=ih6  percentage  of  the  conatituent  in  the  washed  coal. 
c=the  percentage  of  the  constituent  in  the  raw  coal. 
Then 

X-<£:i^,M-a6.andY=f^:iM) 

c     '  '  c 

Awdyta  oftoah  at  Denver,  Colo.,  1908-9. 
I AU  KdJOMl  to  a  drr  bub  for  better  compvlMi.] 
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NOTES  ON  TESTS. 

Denver  No.  15A  is  an  Illinois  run-of-mine  coal  of  good  quality. 
Four  tests  were  made,  the  percentage  of  refuse  varying  from  8  to 
25  per  cent,  the  loss  of  coal  increasing  greatly  as  the  percentage 
of  refuse  was  increased,  while  the  washed-coal  analysis  remained 
about  the  same  for  all  tests,  indicating  no  gain  in  a  separation  giv- 
ing over  8  per  cent  refuse.  The  washing  tests  compare  favorably 
with  the  raw-coal  fioa  t-and-sink  tests. 
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Denver  No.  15B  is  a  slack  coal  from  the  same  Illinois  mine  and, 
as  will  be  noted,  carried  a  higher  percentage  of  ash.  One  test  was 
made  on  the  special  jig  and  three  on  the  Richards.  The  special- jig 
test  gave  better  results,  but  the  loss  of  coal  was  higher  than  in  those 
made  on  the  Richards  jig.  The  refuse  from  the  Richards  jig  was 
very  free  from  coal,  but  on  account  of  the  then  existing  shape  of 
the  refuse  gates  it  was  not  possible  to  attain  so  high  a  percentage 
of  refiise  as  was  desired  from  this  machine  in  these  tests.  The  shape 
of  these  gates  was  changed  after  the  tests  on  this  coal  were  made, 
and  thereafter  they  permitted  a  higher  percentage  of  refuse  to  be 
discharged.  Test  236  on  the  special  jig  compared  favorably  with  the 
raw-coal  float-and-sink  tests.     The  others  were  not  so  good. 

Denver  No.  16  is  from  the  Sopris  mine  (Sopris,  Colo.),  and  may 
be  compared  with  that  from  the  Francisco  mine  (Sopris,  Colo.), 
which  was  tested  the  previous  year  under  the  designation  Denver 
No.  7.  Comparison  of  the  tests  on  these  two  coals  shows  that  the 
analyses  of  the  resulting  washed  coals  were  about  the  same  and  the 
coal  loss  was  high  in  both.  The  tests  on  the  Richards  jig  were  not 
quite  so  good  as  the  one  made  on  the  special  jig,  and  .this  test  com- 
pares very  well  with  the  raw-coal  float-and-sink  tests. 

For  Denver  No.  17  the  test  on  the  special  jig  was  the  most  satis- 
factory and  compares  well  with  the  float-and-sink  tests.  The 
Richards  jig  tests  gave  a  cleaner  refuse,  but  not  enough  of  it. 

For  Denver  No.  18  the  tests  on  the  special  jig  were  good  and 
compare  favorably  with  the  float-and-sink  tests,  though  the  coal  loss 
is  a  little  too  high.  Test  245  on  the  Richards  jig  was  very  good  and 
the  coal  loss  low. 

The  ash  reduction  of  the  tests  on  Denver  No.  19A  do  not  com- 
pare very  well  with  the  float-and-sink  tests  and  the  coal  losses  are 
all  very  high.  Forty  per  cent  of  the  coal  as  washed,  however, 
passed  through  a  ^-inch  mesh  screen,  and  more  careful  washing  will 
probably  show  much  better  results. 

In  Denver  No.  19C  there  was  only  sufficient  coal  for  one  test, 
and  this  one  did  not  give  satisfactory  results  when  compared  with 
the  float-and-sink  tests. 

The  test  on  Denver  No.  21 A  was  quite  satisfactory  in  all  respects. 

On  Denver  No.  2 IB  special-jig  tests  gave  best  results,  though 
the  float-and-sink  tests  would  indicate  that  a  little  better  separation 
is  possible. 

Denver  No.  22  is  a  very  high  ash  coal  from  Montana,  the  raw 
coal  analyzing  '38.97  per  cent  ash  and  7.93  per  cent  sulphur,  as 
against  an  analysis  of  32.19  per  cent  ash  and  0.54  per  cent  sulphur 
for  the  Montana  coal  tested  last  year  (Denver  No.  5).  However, 
the  tests  made  on  the  special  jig  on  Denver  No.  22  were  much  better 
than  those  of  last  year  on  Denver  No.  5;  in  fact,  test  255  is  very 
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satisfactory.  The  loss  of  coal  is  high,  but  in  view  of  the  fact  that 
over  50  per  cent  of  the  run-of-mine  coal  must  be  discarded  as  refuse 
to  reduce  the  ash  as  desired  this  coal  loss  is  not  bad,  for  the  coal 
was  very  fine  and  very  hard  to  handle  in  the  washer  plant.  It 
will  be  noted,  by  referring  to  the  table  of  screening  tests,  that  88 
per  cent  of  this  run-of-mine  coal  passed  through  a  ^inch  mesh 
screen. 

The  tests  on  Denver  No.  23,  except  the  one  made  on  the  Richards 
jig,  are  very  good,  although  the  coal  losses  were  very  high;  other- 
wise they  compare  favorably  with  the  float-and-sink  tests.  With  a 
much  longer  sludge-recovery  tank  the  loss  of  coal  could  be  brought 
down  to  a  more  reasonable  figure. 

The  tests  on  Denver  No.  20  compare  fairly  well  with  the  float- 
and-sink  tests,  though  they  could  be  slightly  improved  with  more 
careful  jig  adjustment. 

The  tests  on  Denver  No.  25  are  fair,  but,  like  those  on  Denver 
No.  20,  could  be  improved. 

Of  all  the  other  coals  tested  and  not  yet  mentioned,  but  one  test 
was  made  on  each;  nothing  need  be  added  to  the  results  in  the 
tables. 

Denver  No.  24  is  a  refuse  from  one  of  the  washeries  of  the  Trini- 
dad district. '  A  few  tests  were  made  on  it  with  the  view  of  deter- 
mining the  possibility  of  the  use  of  the  Richards  jig  as  it  now  stands 
for  rewashing;  but  the  tests  were  not  satisfactory,  as  will  be  noted 
from  the  results  appearing  in  the  tables. 

COKING  TESTS. 

By  A.  W.  Beldbn. 

BaxTiFMEirr. 

The  equipment  of  the  coking  section  proved  so  satisfactory  in  the 
previous  tests  that  no  change  was  deemed  necessary.  The  equip- 
ment included  a  battery  of  two  beehive  ovens  (one  7  feet  high  by  12 
feet  in  diameter,  the  other  6  feet  3  inches  high  by  12  feet  in  diameter) , 
a  standard  larry  of  8  tons  capacity,  and  the  necessary  scales  for  accu- 
rate weighing  of  coal  charged  and  coke  produced. 

PBOCEDTTBE  OF  TESTS. 

All  coal  was  finely  crushed  through  a  Pennsylvania  hammer 
crusher,  except  as  otherwise  noted  in  the  detailed  report  of  the  tests. 
The  proportionate  sizes  of  the  coal  after  being  put  through  the  ham- 
mer crusher  varied  somewhat,  depending  on  the  friability  of  the 
coal,  but  the  average,  taken  from  a  large  number  of  samples,  showed 
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practically  the  same  as  in  former  work,  as  follo^iv^:  Through  |-inch 
mesh,  100  per  cent;  over  lO-mesH,  31.43  per  cent;  over  20-mesh, 
24.29  per  cent;  over  40-mesh,  22.86  per  cent;  over  60-mesh,  11.42 
per  cent;  through  60-mesh;  10  per  cent.  The  sampling  of  coal  and 
coke  and  the  handling  of  the  ovens  were  practically  the  same  as 
described  in  Bulletin  336  of  the  United  States  Geological  Survey, 
from  which  the  following  paragraphs  are  quoted : 

Both  the  door  and  the  trunnel  head  of  the  oven  were  always  closed  directly  after 
the  oven  was  drawn  and  it  was  allowed  to  gather  heat,  the  length  of  time  varying  as 
necessity  demanded.    The  average  time  was  one  and  one-half  hours. 

The  sample  of  coal  was  taken  at  r^:ular  intervals,  as  the  chaige  was  emptied  from 
bin  to  larry,  by  means  of  a  small  shovel  holding  about  one-fourth  pound.  The  total 
weight  of  the  sample  averaged  45  pounds. 

The  sample  of  coke  was  taken  from  five  different  parts  of  the  oven,  as  nearly  as 
possible  from  the  same  location  for  each  test,  as  follows:  2  feet  from  the  oven  door; 
2  feet  from  each  side,  on  a  line  drawn  from  the  center  of  the  oven;  at  the  center; 
and  2  feet  from  the  back  wall,  on  a  line  with  the  point  of  selection  of  the  pieces 
taken  from  the  door  and  the  center.  The  separate  pieces  of  coke  extended  the  whole 
height  of  the  chatge  and  were  as  nearly  uniform  in  size  as  possible. 

NITHBBB  OF  TESTS. 

From  August  21,  1908,  to  January  2,  1909,  69  tests  were  made  on 
22  coals  from  five  States  and  one  Territory,  as  shown  in  the  following 
tables.  Of  these  tests,  12  were  made  on  raw  coal,  55  on  washed  coal, 
and  2  on  mixtures  of  washed  coals.  Of  the  22  different  coals,  five 
(Nos.  19,  26,  28,  32,  and  33)  produced  no  coke,  whether  tested  raw 
or  washed,  crushed  or  not  crushed. 

TABULATED  BESITLTS. 

The  results  of  the  coking  tests  will  be  found  in  the  detailed  reports 
on  the  several  samples  presented  herewith.  The  method  hitherto 
used  to  state  all  the  items,  so  as  to  show  the  yield  of  dry  coke  from 
dry  coal,  the  coke  as  received  from  coal  as  chained,  etc.,  has  been 
continued.  The  percentage  of  coke  remaining  on  a  screen  with 
2-inch  mesh,  after  four  consecutive  6-foot  drops  without  intermedi- 
ate screening,  as  well  as  the  percentage  after  each  drop,  is  given  in 
the  last  item  under  "Physical  properties  of  coke."  The  first  four 
items  represent  the  percentage  from  each  separate  drop  with  all  ma- 
terial less  than  2-inch  screened  out,  the  fifth  item  the  percentage 
after  four  -consecutive  drops,  all  material  being  returned  each  time. 
It  was  decided  to  make  the  phosphorus  determination  on  each  coke 
produced  in  order  that  a  better  average  might  be  obtained.  ''Cell 
structure"  refers  to  the  general  appearance  as  to  size  and  not  to  the 
number  of  cells  as  given  by  percentage  of  cells  by  volume.  In 
many  tests  in  which  the  cell  structure  as  determined  from  general 
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appearance  is  small  the  percentage  of  cells  by  volume  is  quite  the 
reyerse.    The  following  abbreviations  are  used  in  the  tables: 

Bcr.,  BcreeningB.  r.  o.  m.,  nm  of  mine, 

f.  c.|  finely  crufihed.  si.,  elack. 

n.  c,  not  crushed.  w.,  washed, 
r.,  raw. 

DENVER  No.  16 A. 

Cohing  testa. 


Date 

Duration houxB.. 

Sice: 

As  shipped 

Asuseo. 

Coal  charged: 

Wet pounds.. 

Dry do — 

Coke  produced: 

wrt fcrlSii:: 

^ fet" 

Breeze  produced: 

w't &^t:: 

^ teL't:: 

Tot^Ield: 

Wet do.... 

Dry do 

Physical  properties  of  coke: 

Specific  gravity- 
Apparent 

Real 

Volume- 
Coke i>er  cent. . 

Cells do.... 

Wetadit  per  cubic  foot- 
wet pounds. . 

Dry do 

Moot  drop  test  over  2-indi  mesh— 

1 percent.. 

2 do.... 

3 do.... 

4 do 

5 do 


Test— 

247. 

248. 

249. 

250. 

8,24,06 
48 

8,28,08 
52 

8,31,08 
57 

•'''S 

r.  0.  m. 

r.  0.  m. 

r.  0.  m. 

r.  0.  m. 

r.,  f.  c. 

w.,  f.  c. 

w.,  f.  c. 

w.,  Lc 

11,730 
10,833 

11,000 
9,903 

11,800 
10,651 

12,200 
11,551 

7,200 
61.38 
7,019 
64.79 

6,229 
56.63 
6,165 
62.25 

6,302 
53.40 
6,264 
58.81 

6,664 
54.  G2 
6,620 
57.31 

400 
3.41 

390 
3.60 

438 
3.96 

434 
4.38 

389 
3.30 

387 
3.63 

458 

3.75 

455 

3.94 

64.79 
68.39 

00.61 
66.63 

56.70 
62.44 

68.37 
61.25 

0.83 
1.82 

0.76 
1.78 

0.77 
1.77 

0.78 
1.79 

46.00 
54.00 

43.00 
57.00 

44.00 
56.00 

44.00 
56.00 

84.16 
50.48 

82.45 
46.90 

82.64 
47.70 

83.29 
48.35 

98.00 
93.00 
89.50 
85.50 
89.00 

98.00 
95.60 
90.00 
89.50 
92.00 

96.50 
98.00 
94.00 
91.50 
90.00 

98.60 
98.00 
96.60 
91.00 
92.50 

251. 


9,2,06 
57 

r.  o.  m. 
w.,  f.  c. 

12,850 
11,664 

7,406 
58.33 
7,458 
63.94 

512 
3.99 

500 
4.36 

62.32 
68.30 


0.82 
1.70 

46.00 
64.00 

84.54 
5a  86 

98.00 
05.50 
02.00 
80.00 
01.50 


Remarhs. — Test  247:  Light  gray  and  silvery.  Breakage  good;  long,  laige  pieces. 
Cell  structure  good.    Metallic  ring.    Good,  strong  coke. 

Test  248:  Light  gray,  some  little  silvery  deposit  of  carbon.  Somewhat  fingered. 
One-inch  layer  of  black,  soft  coke  on  bottom  of  oven,  due  to  hot  bottom.  Cell  struc- 
ture good.    Metallic  ring. 

Test  249:  Light  gray  and  silvery.  Cell  structure  good.  Breakage  somewhat 
fingered,  but  pieces  of  good  uniform  size.    Metallic  ring. 

Test  250:  Light  gray,  some  little  silvery  deposit  of  carbon.  Breakage  same  as 
test  249.    Metallic  ring.    Good  coke. 

Test  251:  Light  gray  and  silvery.  Cell  structure  good.  Breakage  same  as  test 
249.  Metallic  ring.  Good  coke.  Washing  of  this  coal  results  in  change  of  coke 
from  good,  long,  lazge  pieces  to  somewhat  fingered  condition. 
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Chemical  analyus. 


Test 
No. 


247 


24S 


249 


250 


251 


J482-D. 
|487-D. 


Laboiu- 
tory  No. 


|492-D. 

49g-D. 
|496-D. 

500-D. 

)497-D. 
504-D. 
1400-D. 
507-D. 


Moisture. 


Volatile 
matter. 


33.97 

36.78 

3.20 

2.26 

34.82 

38.68 

1.58 

l.GO 

34.70 

38.45 

1.79 

1.80 

38.43 

40.60 

1.76 

1.77 

35.64 

39.25 

1.80 

1.81 


Fixed 
carbon. 


49.60 
53.71 
79.63 
81.68 
48.70 
54.09 
87.38 
88.28 
49.35 
54.67 
86.77 
87.31 
49.42 
52.19 
86.44 
87.01 
48.30 
53.23 
87.17 
87.61 


Asb. 


8.78 

9.51 

15.65 

16.06 

6.51 

7.23 

10.02 

10.12 

6.21 

6.88 

10.83 

10.89 

6.83 

7.21 

11.14 

11.22 

6.83 

7.52 

10.52 

10.58 


Sulphur. 


0.91 

.99 

.86 

.88 

1.01 

1.12 

.80 

.82 

.97 

1.06 

.81 

.82 

1.02 

1.06 

.71 

.72 

1.00 

1.10 

.78 

.78 


Pboe- 
phonis. 


0.0203 


.0165 


.0173 


.0152 


.0166 


DENVER  No.  15B. 

Coking  tests. 


Date 

Duration hours. . 

Size: 

As  shloped 

As  used. 

Coal  chaiiged: 

Wet pounds. . 

Dry do 

Coke  prodnoed: 

vtFg^  /....do — 

"** Ipercent.. 

jv^  /pounds... 

^^^ tpercent.. 

Breeie  produced: 

wt. i^^i:: 

^ tesSi" 

Total  Tleid: 

HWet do.... 

Dry do 

Physical  properties  of  ooke: 
Bpedflo  gravity— 

Apparent. 

Real 

Vcdume— 

Coke per  cent . . 

Cells. do.... 

Welcht  per  cubic  foot- 
wet pounds.. 

Dry do 

6-ioot  curop  test  over  2-lnch  mesh— 

1 percent.. 

2. do 

o..*..  ....................................  .uO. .  .  . 

4 do 

6. do — 


Test— 


252. 


9,3,06 
55 

scr. 

11,960 
10,638 

6,068 
50.65 
6,035 
56.73 

350 
3.00 

357 
3.36 

53.65 
60.09 


0.81 
1.78 

46.00 
54.00 

83.03 
50.26 

98.00 
96.50 
95.00 
90.00 
93.00 


254. 


9,6,06 


sor. 
w.,  f.  c. 

11,190 
8,739 

6,234 

46.77 
5,153 
58.97 

414 
3.70 

406 
4.67 

50.47 
63.64 


0.77 
1.80 

43.00 
57.00 

82.83 
47.28 

96.00 
94.50 
03.00 
90.00 
91.50 


266. 


9,12,06 
66 

sor. 

12,230 
10,300 

5,940 
48.61 
5,805 
56.36 

510 
4.17 

498 
4.84 

£2.78 
61.20 


0.81 
1.79 

45.00 
55.00 

83.67 
49.38 

96.50 
96.00 
92.50 
91.00 
91.50 


268. 


9,14,08 
51 

sor. 
w.,  f.  c. 

11,630 
10,724 

6,600 
56.75 
6,584 
61.40 

350 
3.01 

340 
3.25 

59.76 
64.66 


0.86 
1.80 

48.00 
52.00 

85.95 
53.53 

96.50 
98.00 
94.00 
91.50 
05.50 


Remarhs. — Test  252:  Light  gray  and  silvery.  Cell  structure  good.  Breakage  some- 
what fingered,  but  pieces  of  good  uniform  size.    Metallic  ring.    Good  coke. 

Test  254:  Light  gray  with  large  deposit  of  carbon.  Breakage,  good;  long,  large, 
uniform-sized  pieces,  same  as  from  test  247,  Denver  15A,  raw  coal.  Probably  due 
to  ash  in  coal  not  reduced  so  low  as  in  other  washed  coal.    Metallic  ring.    Good  coke. 


42 


WA8HIK0  AND  GORIKO  TESTS  OF  GOAL. 


Test  256:  Light  gray  and  silvery.  Cell  structure  good.  Breakage  somewhat 
fingered,  but  pieces  of  good,  uniform  size.  Metallic  ring.  One-half  inch  black  butts 
accounts  for  high  volatile  in  coke. 

Test  258:  Light  gray  and  silvery.  Cell  structure  good.  Somewhat  fingered,  but 
pieces  of  good  uniform  size.    Metallic  ring^    Good  coke. 

Chemical  analyses. 


Test 
No. 

Labora- 
tory No. 

252 

503-D... 
SOft-D... 

264 

606-D... 
UlT-D... 

256 

J616-D... 
1584-D... 

258 

536-D... 
642-D... 

Co- {S?:; 

c»k. {g'^;; 

co«i' \d^:: 

c»k»- fe: 

<^ jS?:; 

cote {SI?:; 

c-" iv^:: 

cok. te:: 


Mobture. 


11.19 


.55 


1.64 

ii'flo 


2.27 

i'.n 

".'24 


VolaUle 
matter. 


36.11 

39.53 

1.40 

1.41 

29.31 

37.10 

2.14 

2.17 

31.96 

37.56 

4.81 

4.92 

32.56 

'36.31 

1.20 

1.20 


Fixed 
carbon. 


47.27 
53.23 
87.44 
87.91 
41.64 
52.59 
80.56 
81.81 
46.73 
53.72 
78.73 
80.56 
50.36 
54.60 
82.70 
82.90 


Ash. 


6.43 

7.24 

ia61 

10.68 

8.14 

ia31 

16.77 

16^02 

7.43 

8.73 

14.19 

14.52 

9.30 

10.09 

15.86 

15.90 


Sulphur. 


Ph08- 

phonis. 


a97 

1.09 

.80 
.80 

a  0170 

.90 

1.14 

.93 
.95 

.0206 

.87 

1.02 

1.04 
l.OG 

.0196 

.91 

.99 

.81 
.61 

.0146 

DENVER  Kg.  16. 

Coking  tests. 


Test- 


Daic 

Duration hours. 

Blxe: 


As  shipped, 
used.... 


As 

Coal  charged: 

Wet. poQDds 

Dry do.. 

Ct^prodooed: 

Wet ka^i 

^ tes& 

Breece  prodaoed: 

w« «t. 

Dry fc2! 

Total  jleld: 

Wet 

Dry 

FhyslciU  properties  of  coke: 

Speclfio  gravity- 
Apparent. 

Real 

Volume- 
Coke percent.. 

Cells do.... 

Weight  per  cable  foot- 
wet pounds.. 

Dry do 

6-  foot  drop  test  over  2-Inch  mesh— 

1 percent.. 

2 do 

3 do 

4 do.... 

5 do 


Vpercent. 

do... 
.do... 


-I 


-269. 


9,17,08 
45 

r.  o.  m. 
w.,  f.  c 

11,630 
11,130 

8,100 
69.66 
8,061 
72.66 


2.31 

268 

2.41 

n.96 
74.96 


1.06 
1.86 

66.00 
46.00 

92.16 
64.08 

96.00 
94.50 
93.00 
91.60 
93.50 


260. 


9,18,08 
49 

r.  o.  m. 

13,630 
12,782 

8,6G0 
62.73 
8,467 
66.24 

300 
2.20 

297 
2.32 

64.93 
68.56 


1.09 
1.92 

67.00 
43.00 

94.15 
67.32 

96.00 
96.50 
93.00 
90.50 
93.50 


266. 


9,26,08 
56 

r.  o.  m. 
w.,  f.  c. 

14,760 
13,130 

9,300 
63.01 
9,282 
7a  66 

264 
1.92 

283 
2.16 

64.93 
72.80 


1.09 
1.89 

62.00 
48.00 

97.80 
67.86 

99.  GO 
97.00 
95.50 
93.50 
94.00 


266. 


9,30,08 
50 

r.  o.  m. 

11,870 
10,688 

7,600 
63.10 
7,488 
70.06 

237 
1.99 

237 
2.22 

66.18 
72.26 


1.07 
1.93 

66.00 
46.00 

94.72 
66.64 

96.00 
96.50 
94.00 
91.50 
92.00 


271. 


10,5,06 
72 

r.  o.  m. 
w.,  f.  c. 

15,150 
13,666 

63.82 

9,621 
70.39 

340 
2.24 


2.47 

0106 
72.86 


1.06 
1.90 

57.00 
43.00 

93.64 
67.02 

96.60 
96.60 
95l00 
9t.fl0 
93.50 


Remarhs. — Test  259:  Light  gray  and  silvery.  Breakage  good,  laige  pieces.  Cell 
structure  small.    Good,  hard,  strong  coke. 

Test  200:  Light  gray  and  silvery.  Breakage,  good-sized  pieces,  someiwhat  crosB 
fractured,  but  uniform.    Cell  structure  small.    Good,  stroDg,  haid  coke. 
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Test  266:  Light  gray  and  silvery.  Breakage  somewhat  irregular ^  but  pieces  of 
good,  large,  uniform  size.  Cell  structure  small,  dense.  Good,  hard,  strong,  heavy 
coke. 

Test  268:  Light  gray  and  silvery.  Breakage  irregular,  but  pieces  of  good,  laige, 
uniform  size.    Cell  structure  small,  dense.    Good,  strong,  hard  coke. 

Test  271:  Light  gray  and  silvery,  large  deposit  of  carbon.  Breakage  good,  long, 
laige  pieces.    Cell  structure  small,  dense.    Metallic  ring.    Good,  strong,  hard,  heavy 

coke. 

Chemical  analyses. 


Test 
No. 


250 


260 


266 


268 


271 


Labora- 
tory No. 


544-D.. 

|546-D.. 

548-D.. 

f565-D.. 

565-D.. 

56^D.. 

I59O-D.. 

|58»-D.. 

«6-D.. 


\ 


Coal. 
Coke 
Coal. 


Wet.. 
Dry.. 
Wet.. 
Dry.. 
Wet.. 
Dry.. 

c«k«- (s;';;; 

CO- te:; 

co*«- {on.: 

/Wet.. 
tOry.. 

cok- {^f.: 

(^ {S?:: 

CO''- {^.t: 


Coal. 


Moisture. 


4.22 
'"."24 

6.22 

"  '.97' 

i6.'98 

"*i9' 

9.96' 

"'.'ie' 

'9.' 78" 


Volatile 
matter. 


29.95 
31.27 

i.n 

1.11 

30.07 

32.07 

.92 

.93 

28.33 

31.82 

.82 

.82 

28.41 

31.55 

.96 

.96 

27.84 

30.85 

1.12 

1.13 


Fixed 
carbon. 


54.56 
56.95 
81.78 
81.98 
53.03 
56.54 
81.75 
82.55 
49.65 
55.78 
82.18 
82.34 
50.84 
56.47 
81.82 
81.95 
51.27 
56.84 
81.87 
82.27 


Ash. 


11.27 
11.78 
16.87 
16.91 
10.68 
11.39 
16.36 
16.53 
11.04 
12.40 
16.81 
16.84 
10.79 
11.98 
17.06 
17.09 
11.11 
12.31 
16.51 
16.60 


Sulphur. 

Phos- 
phorus. 

0.62 

.65 

.58 
.58 

0.0173 

.66 

.70 

.64 
.65 

.0190 

.50 

.66 

.52 
.52 

.0296 

.62 

.69 

.58 
.59 

.0291 

.66 

.73 

.42 
.42 

.0352 

DENVBB  No.  17. 

Coking  tests. 


Date 

Daratloii hours 

As  shipped 

As  used. 

Coal  charged: 

Wet. pounds 

Dry do.. 

Coke  produced: 

jura*  J — do.. 

^« ipercent 

^ teSe^t 

Breece  prodaoed: 

wet pSSt 

Th-.  /pounds. 

^^^ \percent 

Totalyfeld: 

Wet per  cent 

Dry do.. 

Physical  properties  of  coke: 

Specific  gravity— 

Apparent 

Real 

Volume- 
Coke per  cent 

Cells do.. 

Weis|it  per  cubic  foot- 
Wet pounds 

Diy do.. 

6-lioot  drop  test  over  2-fnch  mesh— 

1 per  cent 

2 do.. 

3 do.. 

4 do.. 

5 do.. 


Test— 


253. 


9,5,06 
47 

r.  o.  m. 

11,920 
11,279 

7.650 
64.18 
7,617 
67.53 

540 

4.53 

588 

4.77 

68.71 
72.30 


1.06 
1.93 

55.00 
45.00 

93.92 
65.84 

98.50 
96.00 
95.00 
92.50 
90.50 


255. 


9,8,06 
53 

r.  o.  m. 

12,220 
11,196 

7,660 
62.60 
7,522 
67.18 

375 
3.07 

374 
3.34 

66.67 
70.62 


0.99 
1.89 

52.00 
48.00 

91.48 
61.53 

97.50 
94.50 
93.00 
90.00 
89.60 


257. 


9,13,08 
42 

r.  0.  m. 

11,200 
10,489 

6,840 
61.07 
6,806 
64.89 

375 
3.35 

373 
3.56 

64.42 
68.45 


1.00 
1.91 

52.00 
48.00 

91.97 
62.03 

96.00 
96.00 
94.50 
03.00 
92.50 


261. 


9,20,08 
60 

r.  o.  m. 

13,700 
12,806 

8,850 
64.60 
8,800 
68.72 

600 
4.38 

597 
4.G6 

68.98 
73.38 


1.09 
1.94 

56.00 
44.00 

95.02 
67.50 

97.50 
96.00 
94.50 
92.50 
94.00 
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WASHING  AND  COKING  TESTS  OF  COAL. 


Remarls, — Test  253:  Light  gray,  with  some  little  deposit  of  carbon.  Breakage 
somewhat  cross-fractured,  but  pieces  drawn  in  large  chunks.  Cell  structure  lai^. 
Soft  coke. 

Test  255:  Light  gray  and  silvery,  large  deposit  of  carbon.  Breakage  good,  laige, 
long  pieces.  Cell  structure  a  little  large.    Metallic  ring.    Good,  heavy  coke. 

Tests  257  and  261:  Same  as  test  255. 

Chemical  analyses. 


Test 
No. 

Labora- 
tory No. 

253 

505-D... 
1509-D... 

256 

5I0-D... 
1515-D... 

257 

528-D... 
547-D... 

2G1 

541-D... 
l54^D... 

/Wet.. 
\Dry.. 

Wet.. 

Dry.. 

fWet.. 

pry.. 

'Wet.. 

iDry.. 

CO- a':; 

Coke iWet.. 


Coal. 
Coke 
Coal. 
Coke. 


Coal. 
Coke. 


Moisture. 


5.38 


.43 
8.38 


.37 
'6.35 


.49 

"e'ss" 

.56 


Volatlto 
matter. 

Fixed 
carbon. 

Ash. 

Sulphur. 

31.22 

49.66 

13.74 

0.60 

33.00 

52.48 

14.52 

.73 

.94 

77.98 

20.65 

.£1 

.94 

78.32 

20.74 

.51 

32.28 

48.98 

10.36 

.66 

35.23 

53.47 

11.30 

.74 

1.42 

80.73 

17.48 

.67 

1.43 

81.03 

17.54 

.67 

31.97 

48.28 

13.40 

.65 

34.14 

51.54 

14.32 

.69 

.04 

78.43 

21.04 

.62 

.04 

78.82 

21.14 

.62 

31.05 

48.42 

14.00 

.57 

33.23 

51.80 

14.97 

.61 

.16 

77.50 

21.78 

.52 

.16 

77.94 

21.90 

.52 

Pho»- 
phorus. 


0.0198 


.0142 


.0145 


.0179 


DEKVBB  No.  18. 
Coking  tests. 


Date 

DuniUoD hours . . 

Sfxe: 

As  shf  oped 

ASUBM. 

Coal  charged: 

Wet pounds . . 

Dry do 

Coke  produced: 

^^^ \peroent.. 

Drv  /pounds... 

"^ Ipercent.. 

Breexe  produced: 

WPt  /pounds... 

^" Ipercent.. 

jy  /pounds... 

' \percent. . 

Total  yield: 

Wet do.... 

Dry do 

Physiod  properties  of  coke: 

Specino  gravity- 
Apparent 

Real 

Volume- 
Coke  per  cent . . 

Cells do.... 

Weight  per  cubic  foot- 
Wet  pounds. . 

Drv do 

6-foot  drop  test  over  2-lnch  mesh— 

1 percent.. 

2 do.... 

3 do.... 

4 do.... 

5 do.... 


Test— 


262. 


9,22,06 
63 

r.  o.  m. 

14,000 
13,548 

9,150 
65.35 
9,144 
67.49 

254 
1.89 

2C4 
1.95 

67.24 
60.44 


1.11 
1.96 

57.00 
43.00 

96.01 
69.19 

98.00 
96.00 
94.50 
92.50 
94.00 


203. 


9,23,08 
33 

r.  0.  m. 
w.,  f.  c. 

8.700 
7,806 

5,700 
65.52 
5.667 
72.60 

175 
2.01 

174 
2.23 

67.53 
74.83 


1.03 
1.93 

53.00 
47.00 

9S.15 
63.86 

98.50 
96.00 
94.50 
92.50 
93.50 


264. 


9,23,08 
39 

r.  0.  m. 

10.600 
9,799 

7,050 
66.61 
7,017 
71.61 

249 
2.35 

248 
2.53 

68.86 
74.14 


1.10 
1.96 

56.00 
44.00 

95.71 
68.28 

96.00 
95.50 
94.00 
92.50 
94.50 


265. 


9,25,06 
34 

r.  0.  m. 
w.,  f.  c. 

8,810 
8,063 

6,000 
68.10 
6,998 
74.39 

197 
2.24 

197 
2.44 

70.34 
76.83 


1.06 
1.99 

54.00 
46.00 

96.01 
67.82 

97.60 
96.00 
94.50 
91.50 
94.00 


267. 


9,27,08 
54 

r.  o.  m. 
w.,  f.  c 

12,380 
11,944 

7,837 
63.30 
7,824 
66.51 

300 

2.42 

300 

2.51 

65.72 
66.02 


1.06 
1.97 

56.00 
45.00 

96.33 
07.25 

96.60 
97.00 
95.00 
93.50 
05.60 


BESULTS  Oy  COKING  TESTS. 
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Remarks. — ^Teet  262:  Light  gray  and  silvery.  Breakage  good,  long,  laige  pieces. 
Cell  structure  small.    Metallic  ring.    Good,  strong,  heavy  coke. 

Tests  263,  264,  and  265:  Same  as  262. 

Test  267:  Light  gray  and  silvery,  laige  deposit  *of  carbon.  Breakage  good,  long, 
laige,  uniform-sized  pieces.  Cell  structure  small,  dense.  Metallic  ring.  Good, 
heavy,  strong,  hard  coke. 

Chemical  analyses. 


Test 
No. 


262 


963 


264 


366 


267 


Labora- 
tory No. 


] 


D. 
558-D. 
[554-D. 

J565-D. 
1560-0. 
|556-D. 
.657-D. 
(561-D. 
SS6-D. 


i 


! 


Coal. 
Coke. 
Coal. 


c-i i^rf.: 

^^^ Jdi^':: 

c«^ JDry:: 

Coke /We^. 

Coal fe: 

Coke {Wet.. 

Wet. . 
.Dry.. 
^Wet.. 
Dry.. 
Wet.. 
Dry.. 

Coke {"g^y 


Moisture. 


3.23 


.07 
16.' 28' 


.58 
'7*66' 


.47 
8.' 48 

".'oaT 


3.52 

".'ie 


Volatile 
matter. 

Fixed 
carbon. 

Ash. 

Sulpbur. 

31.82 

55.41 

9.54 

0.48 

32.88 

67.26 

9.86 

.50 

.86 

84.72 

14.35 

.65 

.86 

84.78 

14.36 

.65 

29.53 

51.64 

8.55 

.49 

32.01 

57.56 

9.53 

.55 

1.65 

84.02 

13.75 

.51 

1.66 

84.51 

13.83 

.51 

29.24 

52.00 

11.20 

.49 

31.63 

56.26 

12.11 

.53 

1.35 

79.80 

18.38 

.48 

1.35 

80.19 

18.46 

.48 

28.51 

51.43 

11.58 

.54 

31.15 

56.20 

12.66 

.59 

2.26 

78.54 

19.17 

.57 

2.26 

78.56 

19.18 

.57 

31.98 

53.05 

11.45 

.50 

33.16 

54.98 

11.86 

.52 

.88 

82.31 

16.65 

.65 

.88 

82.44 

16.66 

.66 

Phos- 
phorus. 


0.1333 

.1226 

.1631 

.1222 

.1327 


DENVBB  No.  19. 

Coking  tests. 


Date. 

Doiation hours . 

SIxe: 


As  shipped 

As  used. 


Coalcfaaiged: 

Wet. pounds. 

Dry do... 

Coke  produced: 

xxr^f  /•  •  •  -do. . . 

^^^ Ipercent. 

—^  mounds. . 

^^^ \percent. 

Breeie  produced: 

^®* ipercent. 

T>^  .  /pounds. . 

^^ \peroent. 

Toft^yiekl: 

Wet do... 

Dry do... 

Fhyalcal  prop^les  of  coke: 

Specific  gravity- 
Apparent. 

Real 

Volume- 
Coke percent. 

Cells do... 

Wel^t  per  cubic  foot- 
Wet pounds. 

Dry do... 


Test^ 


209  (19B). 


9,30,08 
24 

r.o.m.No.5 
ow.jf.c. 

12,700 
12,216 

None. 


270  (19B). 


10,3,08 
36 

r.o.m.  N0.6 
aw.,f.c. 

6,330 
5,984 

Noi^ 


272  (19A). 


10,5,06 
42 

r.o.m.  No.  5 

Iff  St    ■•    ^* 

8,850 
7,682 

3,450 
38.96 
3.448 
45.48 

1,050 
11.87 
1.040 
13.84 

50.86 
60.32 


1.06 
1.84 

68.00 
42.00 

92.28 
66.07 


273  (19A), 


10,7.08 
41 

r.o.m.  No.  5 

8,020 
7,189 

None. 


274  (19C). 


10,12,08 
33 

r.  o.  m.  No.  4 

6,950 
6,018 

None. 


o  Washed  at  mine. 
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WASHING  AND  COKINQ  TESTS  OF  COAL. 


Remarks. — Tests  269,  270,  273,  and  274  produced  no  coke. 

Test  272:  The  upper  3  inches  of  the  charge  did  not  stick  together  or  show  signs  of 

coking.    The  lower  12  inches  fused  and  formed  very  soft  coke,  witii  slight  cohesion 

and  scarcely  any  definite  cell  structure.    Breakage  of  charge  drawn,  very  poor — 

axge  percentage  went  to  breeze  on  dumping  from  barrows.    No  drop  test  was  made. 

Chemical  analyses. 


Test  No. 

2»  (19B) 
270  (IQB) 

272  (19A) 

273  (19A) 

274  (19C) 


Labora- 
tory No. 


584-D.. 

587-D.. 
J501-D. 
1592-D. 

e02-D. 

C29-D. 


Coal. 
Coal. 
Coal. 
Coke. 
Coal. 
Coal. 


jWet.. 

Dry.. 
I  Wet.. 

Dry.. 
/Wet.. 

Dry.. 

Wet.. 

Dry.. 

Wet.. 

Dry.. 

Wet.. 

Dry.. 


Mol»- 
ture. 


3.81 


5.47 
14.33' 


.05 

io.'sc 
is'ii 


Volatile 
matter. 


36.60 
38.05 
35.30 
37.35 
30.61 
35.72 
2.78 
2.78 
33.20 
37.03 
31.66 
36.56 


Fixed 

carbon. 


41.45 
43.09 
41.44 
43.83 
40.24 
46.98 
76.42 
76.46 
41.96 
46.84 
41.59 
48.04 


Ash. 


18.14 
18.86 
17.79 
18.82 
14.82 
17.30 
20.75 
20.76 
14.46 
16.13 
13.34 
15.40 


Solphur. 


0.71 
.74 
.67 
.71 
.71 
.83 
.53 
.53 
.82 
.92 
.61 
.70 


Pbos- 
phoma. 


0.0350 


DENVER  No.  20. 

Cohing  tests. 


Date 

Duration hours . . 

Size: 

As  shimwd 

As  ua&i. 

Coal  charged: 

Wet pounds. . 

Dry do ... . 

Coke  produced: 

Wet  / — ^^ — 

"^^ Iperccnt.. 

Dry /pounds.. 

^ \percent.. 

Breese  produced: 

^•« {^^i:. 

Drv  /pounds... 

' iper  cent.. 

Total  yield: 

Wet do.... 

Dry do 

FhysicnJ  properties  of  coke: 

Specific  gravity- 
Apparent 

Real 

Volume- 
Coke per  cent. . 

Cells. do.... 

Wel^iit  per  cubic  foot— 

w  et pounds. . 

Drv :..do.... 

6-foot  drop  test  over  2-iDch  mesh— 

1 per  cent . . 

2 do.... 

3 do.... 

4 do 

5 do 


Test- 


287. 


11,7,08 
38 

r.  o.  m. 
w.,n.c. 

10,580 
9,007 

6.654 
62.89 
6.550 
68.18 

•  277 

2.62 

273 

2.84 

65.51 
71.02 


1.03 
1.96 

53.00 
47.00 

92.54 
63.25 

97.50 
95.00 
93.50 
91.00 
93.50 


288. 


11,9,08 
44 

r.  o.  n. 

12,400 
11,463 

7.950 
64.11 
7.938 
69.25 

304 
2.45 

304 
2.66 

66.56 
71.90 


1.10 
1.99 

55.00 
45.00 

96.55 
68.47 

98.50 
'98.00 
96.50 
95.00 
97.50 


280. 


11,10,08 
72 

r.  o.  hl 

16,300 
15,139 

10,350 
63.50 

10.305 
68.07 

378 
2.32 

376 
2.48 

65.82 
70.55 


1.09 
1.97 

55.00 
46.00 

95.75 
67.67 

97.00 
04.00 
92.50 
88.00 
93.00 


290. 


11,12,08 
44 

r.o.  HL 

w.,f.c. 

12.300 
11,643 

8,100 
65.85 
8,098 
69.65 

295 
2.40 

295 
2.53 

68.25 
72.08 


1.04 
1.97 

53.00 
47.00 

94.11 
64.81 

96.00 
96.00 
93.50 
91.00 
92.50 


Remarhs. —TeBlB  287  and  288:  Light  gray  and  silvery.  Breakage  good.  Cell  stmc- 
ture  a  little  small.    Good,  strong,  heavy  coke. 

Tests  289  and  290:  Light  gray  and  silvery,  large  deposit  of  carbon.  Breakage  good ; 
long,  large  pieces.  Cell  structure  small,  dense.  Metallic  ring.  Good,  haid,  strong, 
heavy  coke. 


BE8ULT8  OF  COKIKO  TESTS. 
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Chemical  analytes. 


Test 
No. 


287 


200 


tocy  No. 


J786-D. 
l79a-D. 
p8-D. 

J791-D. 
(TVI-D. 
J7g5-D. 
ISOI-D. 


Coke. 
Coal. 


«- i?^':: 

iWeL. 

iPry.. 

eL. 

I  Dry.. 

Coke  i^^^- 

^ fe 

LDry.. 
Wet.. 
[Dry.. 

^^ te,?:: 


Coke. 
Coal. 


Mois- 
ture. 


9.20 


1.57 
"7.56' 


.15 

'7.*  is' 


.43 

'5.'34' 

.63" 


Volatile 
matter. 


29.12 

32.07 

2.03 

2.06 

30.32 

32.79 

.16 

.16 

29.12 

31.36 

2.81 

2.82 

30.93 

32.68 

.71 

.71 


Fixed 
carbon. 


49.86 
54.91 
78.11 
79.39 
47.61 
51.51 
79.51 
79.63 
60.94 
54.84 
76.80 
77.14 
62.57 
55.52 
80.99 
81.02 


Ash. 


11.82 
13.02 
18.29 
18.55 
14.51 
15.70 
20.18 
20.21 
12.82 
13.80 
19.96 
20.04 
11.16 
11.80 
18.27 
18.27 


Sulphur. 


0.51 
.56 
.57 
.58 
.56 
.61 
.60 
.60 
.53 
.57 
.55 
.55 
.53 
.56 
.44 
.44 


Pboa- 
phonu. 


0.04C0 


0477 


.0579 


0481 


DENVEB  No.  21. 

Coking  tests. 


Date :.... 

Duration hours. . 

Sisa: 

As  shipped 

A»  useo. 

Coalchaisad: 

Wet pounds. . 

Dry do 

Coka  pioduoed: 

XMT^*  /....do.... 

**•' \peroent.. 

jj^  ipounds... 

^^^ \percent.. 

Breece  produced: 

''•» iSTcSi:: 

^ tet:: 

Tot^jrield: 

Wet do.... 

Dry do 

Physical  properties  of  coke: 
SpeeJflc  eravfty— 

Apparait 

Real 

Volume- 
Coke per  cent. . 

Cells do.... 

Wds^t  per  cubfc  loot- 
Wet.  pounds . . 

Dry do 

6-fcot  droptiest  over  2-taich  mesh— 

1 percent.. 

2 do.... 

3 do 

4 do.... 

5 do 


Test— 


277  (21A). 


10,22,06 
36 

r.  0.  m. 
r.,  f.  c. 

9,270 
8,572 

5,670 
61.17 
5,649 
66.90 

342 
3.60 

341 
3.96 

64.86 
69.88 


0.96 
1.94 

49.00 
51.00 

91.48 
69.66 

91.00 
83.50 
77.00 
71.00 
73.00 


279  (21A). 


10,24,08 
47 

r.  o.  m. 

11,700 
10,815 

6,996 
69.79 
6,951 
64.27 

320 
2.74 

318 
2.94 

62.63 
67.21 


0.92 
1.90 

48.00 
52.00 

80.42 
57.00 

94.60 
82.00 
77.00 
70.50 
71.50 


278  (21B). 

280  (216). 

10,23,06 
43 

10,26,06 
44 

r.,  L  c. 

^ln: 

11,000 
10,745 

12,300 
11,646 

6,460 
66.64 
6.407 
60.63 

7,200 
58.54 
7,129 
61.21 

315 
2.86 

313 
2.91 

300 
2.44 

297 
2.55 

61.60 
63.54 

60.96 
63.76 

0.97 
1.94 

0.89 
1.91 

60.00 
60.00 

47.00 
53.00 

91.29 
60.06 

88.05 
54.98 

93.00 
83.60 
80.00 
73.00 
70.50 

91.00 
84.50 
79.00 
73.60 
75.00 

281  (21 B). 


10,27,06 
51 

Wn. 

11,100 
10,109 

6,309 
66.84 
6,168 
60.92 

283 
2.55 

276 
2.73 

60.39 
63.65 


0.89 
1.89 

47.00 
53.00 

87.25 
54.18 

92.60 
87.00 
80.00 
74.60 
75.50 


Remarks. — Test  277:  Light  gray  and  silvery,  large  deposit  of  carbon.  Breakage, 
fingered.  Very  brittle.  Top  cemented  together  with  deposited  carbon.  Cell  structure 
a  little  laige.    Metallic  ring. 

Test  279:  Same  as  from  raw  coal  (test  277),  except  ash  and  sulphur  lower. 

Test  278:  Same  as  test  277;  not  so  much  deposited  carbon. 

Test  280:  Light  gray  and  silvery.  Breakage,  long,  fine-fingered  pieces.  Cell 
flftractore  large;  small  at  top  and  increasing  gradually  almost  to  sponge  at  bottom. 
Metallic  ring.    Brittle. 
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WASHING  AND  COKING  TESTS  OF  COAL. 


Test  281:  Light  gray  and  silvery.    Breakage  long,  thin,  fine-fingered  pieces.    Brit-' 
tie.    Cell  structure  a  little  laige,  but  good,  no  sponge;  slow  draft  probably  the  cause. 
Metallic  ring.    Good  coke. 

Chemical  analytes. 


Test  No. 


277  (21A) 

279  (21A) 

278  (21 B) 

280  (21B) 

281  (21B) 


Labora- 
tory No. 


J662-D. 
Ie06-D. 

ree6-D. 
lew-D. 

je04-D. 

Ie9»-D. 
raes-D. 
I702-D. 

f700-D. 
1704-D. 


Coal. 


Coke 


Coal. 


Coke 


Coal. 


Coke 


Coal. 


Coke 


Coal. 


Coke 


fWet.. 
iDry . . 

rwet.. 

1  Dry . . 
fWet.. 
[Dry.. 
fWet.. 
[Dry.. 
fWet.. 
IDry.. 
">t.. 
(Dry., 
^et.. 
IDry . . 
fWet.. 
IDry . . 
fWet.. 
IDry.. 
fWet.. 
[Dry . . 


Moisture. 


7.53 


.39 
"7.56" 


.64 
'2.32 


.67 
"6'32 


'8.93 
"2.46 


VoIatUe 
matter. 


31.49 

34.06 

1.96 

1.97 

33.61 

36.35 

1.30 

1.31 

37.02 

37.90 

.60 

.70 

36.37 

38.42 

2.42 

2.44 

34.77 

38.18 

1.83 

1.88 


Fixed 
carbon. 


46.11 
49.86 
73.58 
73.86 
49.20 
53.23 
81.03 
81.55 
47.06 
48.20 
76.92 
77.43 
48.40 
51.11 
70.42 
71.13 
46.07 
50.50 
79.45 
81.40 


Ash. 


14.87 
16.06 
24.07 
24.17 

9.63 
10.42 
17.03 
17.14 
13.58 
13.90 
21.72 
21.87 

9.91 
10.47 
26.17 
26.43 
10.23 
11.23 
16.32 
16.72 


Sulphur. 


Phos- 
phorus. 


0.76 

.82 

.53 
.53 

a  1124 

.68 

.74 

.66 
.66 

.1188 

.60 

.61 

.38 
.38 

.1137 

.63 

.67 

.52 
.53 

.1217 

.56 

.62 
.57 
.58 

.1208 

DENVEB  No.  22. 

Coking  tests. 


Date 

Duration hours. . 

Sise: 

As  shipped 

As  usea 

Coal  charged: 

Wet pounds. . 

Dry do 

Coke  produced: 

^*^* Wc^t" 

^ fei:; 

Breeze  produced: 

w«t {52?"cSt:: 

^ {P°cSi:: 

Total  yield: 

Wet do.... 

Dry do.... 

Physical  properties  of  coke: 
Specific  gravity- 
Apparent 

Real 

Volume- 
Coke per  cent. . 

Cells .VT.do.... 

Weight  per  cubic  foot- 
Wet  pounds . . 

,  D17 do.... 

6-foot  drop  test  over  2-inch  mesh— 

1 per  cent. . 

2 do.... 

3 do.... 

1 do.... 

*. do.... 


Test— 


10,16,08 
45 

r.  o.  m. 

10,500 
0,245 

6,300 
60.49 
6,236 
67.45 

417 
3.94 

413 
4.47 

63.43 
71.98 


1.28 
2.01 

64.00 
36.00 

101.46 
79.02 

98.00 
07.00 
96.00 
94.50 
94.50 


10,10,08 
34 

r.  o.  m. 
w.,  n.  c. 

10,200 
8,402 

5,030 
fiS.13 
5,865 
00.80 

275 
2.70 

272 
3.24 

60.83 
73.04 


1.13 
1.91 

60.00 
41.00 

96.20 
60.72 

97.00 
94.00 
80.50 
86l00 
80.50 
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Remarkt, — ^Te6t276:  Dull  gray  color.  Breakage,  laige,  irregular  chunks.  Cell 
Btructure  very  small.    Soft,  dense,  tough  coke.    High  ash  and  sulphur. 

Test  276:  Dull  gray  color.  Breakage,  large,  irregular  chunks.  Cell  structure  small, 
but  not  so  dense  as  in  test  275.  Heavy,  dense  coke.  Ash  and  sulphur  reduced  by 
washing,  ash  reduction  particularly  noticeable. 

Chemical  analyses. 


Test 
No. 

Labore- 
tnryNo. 

MoJsture. 

Volatile 
matter. 

Fixed 
carbon. 

Ash. 

Sulphur. 

Phos- 
phorus. 

J664-D... 
16B0-D... 

688-D... 

681-D... 

^    ,                        /Wet  . 

12.70 

21.04 

24.10 

1.13 

1.14 

22.78 

27.65 

.92 

.93 

38.84 
45.64 
61.48 
62.12 
47.57 
57.76 
77.51 
78.38 

26.42 
30.26 
36.37 
36.74 
12.02 
14.58 
20.47 
20.68 

3.64 
4.17 
3.19 
3.22 
2.79 
3.38 
2.41 
2.44 

Goal i 

Drv 

276 

Coke 

rwet:: 

Tirv 

1.08 

0.0328 

■ 

Coel 

Wet.. 

'"*i7.*68' 

776 

Coke 

ury .. 
Wet. . 
IDry.. 

i.'io' 

.0225 

I-*'*  J  ■ 

DBNVBB  No.  23. 

Coking  tests. 


Date 

Duration hours. . 

Blse: 

As  shipped 

Asnsea. 

Coal  chained: 

Wet pounds.. 

Dry do — 

Coke  ivodnoed: 

*^*' ipercent.. 

^^  /pounds... 

^^ Ipercent. 

Brecse  produced: 

wrt {ps^i:: 

j^^  (pounds... 

*^^ vper  cent. . 

Totriyleld: 

Wet do — 

Dry do — 

Physical  properties  of  coke: 

SpeeiOc  gravity- 
Apparent 

RmI 

Volume— 

Coke per  cent. . 

Cells do.... 

Weight  per  cubic  foot- 
Wet pounds.. 

Dry do 

6-loot  drop  test  over  2-inch  mesh— 

1 percent.. 

2 do 

8 do 

4 do 

5 do. . . . 


Test— 


282. 

283. 

10,28,08 
42 

10,31,08 
61 

r.  0.  m. 

r.  0.  m. 

W.|  f.  c. 

w.,  f.  c. 

9,200 
8,681 

13,150 
11,927 

5,250 
57.07 
5,24? 
60.40 

7,150 
54.37 
7,119 
59.68 

206 

2.26 

208 

2.40 

295 
2.24 

294 
2.47 

59.33 
62.80 

56.61 
62.16 

0.85 
1.91 

0.82 
1.87 

45.00 
55.00 

44.00 
56.00 

87.21 
52.92 

85.84 
50.90 

97.00 
94.50 
92.00 
89.50 
93.00 

97.00 
94.50 
92.00 
89.50 
94.00 

284. 


10,31,08 
67 

r.  o.  m. 
w.,  f.  c. 

14,600 
13,311 

7,800 
53.42 
7,745 
58.19 

325 
2.28 

823 
2.43 

55.65 
60.68 


0.87 
1.91 

46.00 
54.00 

87.66 
53.87 

96.50 
94.00 
91.50 
90.00 
93.00 


285. 


11,3,08 
73 

r.  o.  m. 

14,660 
12,674 

7,612 
51.92 
7,603 
Ov.  99 

300 

2.05 

800 

2.37 

53.97 
68.36 


0.88 
1.91 

46.00 
54.00 

88.51 
54.83 

97.50 
94.00 
91.50 
89.50 
92.50 


286. 


11,5,08 
43 

r.  0.  m. 
w.,  n.  c. 

11,300 
10,248 

7,050 
62.38 
7,090 
68.50 

278 
2.46 

277 
2.70 

64.85 
71.28 


0.90 
1.99 

45.00 
55.00 

90.26 
55.97 

97.00 
95.00 
93.50 
92.00 
93.00 


Remarks.'-TeBtB  282,  283,  284,  285:  Light  gray  and  silvery.  Breakage  somewhat 
cro8B-£ractured,  but  pieces  of  good,  large,  uniform  size.  Cell  structure  a  little  large. 
Metallic  ring.  Low  percentage  of  yield  probably  due  to  burning  of  coke  at  door. 
High  sulphur. 

Test  286:  Light  gray  and  silvery.  Breakage  somewhat  cross-fractured,  not  so 
good  as  four  preceding  tests,  but  pieces  still  of  good,  laige,  uniform  size.    Cell  structure 
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a  little  laige.  Breakage  and  cells,  aa  well  as  higher  percentage  of  breese,  probably 
due  to  not  cruahing.  High  sulphur.  Percentage  of  sulphur  too  hig^  fw  iron  Mast 
furnace  purposes,  but  diould  give  good  results  in  any  practice  where  sulphur  is  not 
detrimental.    Larger  yield  of  coke  due  to  small,  slow  draft. 

Chemical  analyses. 


Test 
No. 


282 


283 


284 


285 


286 


Labora- 
tory No. 


f708-D, 
72B-D. 


CD. 
D. 


p27 
l731 


-D. 
731-D. 


CD. 
D. 


{ 


732-D, 
7a^DJ 


Coal. 


Coke 


Cool. 


Coke 


Coal. 


Coke 


Coal. 


Coke 


Coal. 


Coke 


[Wet. . 
I  Dry.. 
(Wet.. 
iDry.. 

rwet.. 

I  Dry.. 
(Wet.. 
IDry.. 
fWct.. 
[Dry.. 
[Wet.. 
IDry.. 
fWet.. 
IDry.. 
[Wet.. 
IDry.. 
fWet.. 
IDry.. 
fWet.. 
IDry.. 


Moisture. 


6.e4 


.18 
9.30 


.44 


.71 

ii'58 


.12 
"9.'36" 


Volatile 
matter. 


86.61 

38.60 

.60 

.60 

34.86 

38.44 

.62 

.62 

84.32 

37.66 

.15 

.15 

32.27 

37.33 

2.85 

2.85 

34.33 

37.85 

.12 

.12 


Fixed 
carboo. 


51.23 
54.29 
87.66 
87.77 
50.19 
55.33 
88.61 
89.00 
50.96 
55.88 
88.68 
80.32 
46.78 
52.95 
82.80 
82.90 
49.18 
54.22 
87.38 
87.63 


Ash. 


6.62 

7.02 

11.58 

11.54 

5.66 

6.28 

10.33 

10.38 

5.80 

6.46 

10.46 

10.53 

8.40 

9.72 

14.23 

14.25 

7.19 

7.93 

12.22 

12.25 


Sulphur. 


3.10 
3.29 
2.56 
2.56 
2.81 
3.10 
2.59 
2.60 
3.13 
3.43 
2.75 
2.77 

3.  9v 

4.15 
3.44 
3.44 
3.50 
3.86 
2.67 
2.68 


Phos- 
phorus. 


0.0809 


.03« 


,0827 


.0380 


.0854 


DBNVEB  No.  25. 

Coking  tests. 


Date 

Duration hours.. 

Site: 

As  shipped 

AsusmT. 

Coal  chatiged: 

Wet pounds.. 

Dry do — 

Coke  produoed: 

nr^f  /....do.... 

^** iperoent.. 

^ {PSfe:: 

Breeie  produoed: 

w.t pSSt:: 

^ feSt:: 

Totalyleld: 

Wet do.... 

Dry do.... 

Physical  properties  of  ooke: 
Specific  gravity— 

Apparent 

Real 

Volume- 
Coke percent.. 

Cells do.... 

WeMt  per  cubic  toot— 

Wet pounds.. 

Dry do 

64oot  drop  test  ow  8-Inch  mesh— 

1 percent.. 

2 do.... 

8 do.... 

4 do.... 

6 do 


Test— 


291. 


11,14,08 
40 

1-In.  ser. 
r.,  f.  e. 

10,300 
9,897 

5,925 
57.52 
5,791 
58.51 

535 
5.10 

513 
5.18 

62. 62 
63.69 


1.01 
1.84 

55.00 
46.00 

80.06 
61.57 

97.50 
96.00 
98.50 
91.00 
98.50 


292. 


11,16,06 
45 


Mn 
w.,  f.  c. 

12.690 
11,860 

7,538 
59.40 
7,518 
68.30 


5.88 

681 

5.74 

64.78 
60.18 


0.98 
1.86 

53.00 
17.00 

90.20 

00.96 

94.50 
88.00 
81.00 
78.00 
81.50 


295. 


11,28,08 
62 

1-in.  scr. 
w.,  f.  c 

18.430 
12,467 

7,870 
58.60 
7,776 
63.87 

600 
4.47 


4.76 

68.07 
67.18 


a07 
L84 

53.00 
47.00 


50.87 

07.00 
91.50 
86.00 
83.00 
88.00 


.206w 


11,27,08 
87 


1-tai. 
w.,Lc 

14,860 
18,600 


8,- 
56.81 
8,868 
6L42 


4.61 

677 

4.96 

6L43 
66.40 


LOl 
1.84 

66.00 
48.00 

80.45 
82.27 

04.60 
80.80 
84.00 
79.50 
88.00 
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RtmarkB, — ^Teet  291:  Light  gray,  some  little  eilvery  deposit  of  carbon.  Breakage, 
good,  long  pieces,  somewhat  fingered.    Cell  structure  small. 

Test  292:  Light  gray,  some  little  silvery  deposit  of  carbon.  Breakage,  two  dis- 
tinct layers,  practically  dividing  charge  in  two  parts,  drawn  in  9-inch  chunks  similar 
to  by-prodnct  coke.  Cell  structure  small.  Metallic  ring.  Very  brittle.  Ash  re- 
duced by  washing. 

Test  295:  Light  gray  and  silvery.  Breakage  same  as  in  test  292,  except  that 
chunks  were  12  and  6  inches  in  layers,  pieces  from  each  layer  nearly  uniform  in  size 
and  breaking  but  little  after  drawn.  Cell  structure  very  small  and  dense.  Good, 
heavy,  dense  coke,  but  brittle. 

Test  296:  Light  gray  and  silvery.  Two  layers  of  16  and  8  inches,  the  upper  16  inches 
somewhat  fingered,  the  lower  8  inches  in  8-inch  cubes  of  uniform  size.  Cell  structure 
very  small  and  dense.    Good,  heavy,  dense,  coke,  but  brittle. 

Chemical  OTialyses. 


Test 
Na 


291 


Labom* 
toryNo. 


CD.. 
D.. 


205 


{80&-D.. 
806-D.. 
1837-D.. 
842-D.. 
841-D.. 
85fr-D.. 


{ 


Moisture. 


Volatile 
matter. 


33.85 

35.24 

1.79 

1.83 

36l51 

39.06 

.34 

.34 

34.97 

87.68 

1.94 

1.96 

33.18 

86.23 

1.14 

1.15 


Fixed 
carbon. 


47.28 
49.19 
77.40 
79.19 
48.31 
51.70 
84.12 
84.36 
48.62 
52.37 
81.76 
82.75 
48.37 
52.82 
82.22 
83.04 


Ash. 


14.96 

15.57 

18.65 

18.98 

8.64 

9.24 

15.27 

15.30 

9.24 

9.95 

15.10 

15.29 

10.03 

10.95 

15.66 

15.81 


Sulphur. 


0.75 
.78 
.50 
.60 
.70 
.75 
.47 
.47 
.66 
.71 
.49 
.50 
.69 
.76 
.65 
.  66 


PbOB- 

pbonia. 


0.0149 


,0121 


,0111 


,0153 


DENVER  No.  26. 

Coking  testi. 


D«to 

hours 

AasUpoed 

Goal  diaiipd'^wet) pounds 

CMn  prodnoea 


Test  293. 


11,18,08 
48 

r.  o.  m. 

r.,  f.  c. 

9,300 

None. 


Remarks. — Test  293:  No  coke  produced.  All  volatile  apparently  expelled.  Drawn 
bom  oven  in  same  condition  as  charged,  each  separate  piece  coming  out  in  size  and 
shape  afl  charged.  No  evidence  of  fusion  or  coking.  Heavy  clinker  over  whole  top 
of  charge.    This  is  subbituminous  coal. 
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Chemical  analytes. 


Test 
No. 

Labora- 
tory No. 

Moisture. 

Volatile 
matter. 

Fixed 
carboD. 

Ash. 

Sulphur. 

Phot- 
phorus. 

803-D... 

CO.- {^rt: 

19.28 

34.61 
42.87 

41.41 
51.30 

4.70 
5.83 

0.39 
.48 

293 

DBNVEB  No.  37. 
Cohing  testa. 


Date 

Duration hours .  - 

SIxe: 

As  shipped 

As  used. 

Coal  charged: 

Wet pounds . . 

Dry do — 

Coke  produced: 

wet fe-^t" 

T\^  /pounds... 

^^ ipwcent.. 

Breese  produced: 

wet. {gS^t:: 

^ fet:: 

Totalyield: 

Wet do 

Dry do 

Physical  properties  of  coke: 

Specific  gravity— 

Apparent 

Real 

Volume- 
Coke percent.. 

Cells do 

Weight  per  cubic  foot- 
Wet  pounds . . 

Dry do 

d'foot  drop  test  over  2-inch  mesh— 

1 percent.. 

2 do.... 

3 do 

4 do.... 

5 do 


Test- 


297. 


11,28,06 
36 

r.  o.  m. 
r.,  f.  c. 

10,650 
10,315 

7,200 
67.61 
7,184 
69.66 

274 
2.57 

273 
2.65 

70.18 
72.30 


0.93 
2.04 

46.00 
54.00 

91.55 
57.87 

97.50 
94.00 
91.00 
87.50 
90.60 


300. 

301. 

12,5,06 
57 

12,8,06 
66 

r.  o.  m. 

r.  0  m. 

r.,  f.  c. 

w.,  f.  c. 

13,080 
12,668 

14,400 
13,668 

8,700 
66.51 
8,661 
68.37 

9,150 
63.54 
9,125 
66.76 

300 
2.29 

299 
2.36 

373 
2.59 

372 
2.72 

68.80 
7a  73 

66.13 
09.48 

0.93 
2.10 

0.88 
2.09 

42.00 
58.00 

42.00 
58.00 

93.88 
57.72 

90.91 
54.75 

96.50 
94.00 
92.00 
87.00 
92.50 

97.50 
95.50 
93.00 
91.50 
94.00 

302. 


12,7,08 
48 

r.  o.  m. 

^V  ay    Mm    C« 

11.100 
10,645 

7,350 
66.22 
7,327 
6S.83 

219 
1.97 

218 
2.06 

08.19 
7a  88 


a85 
2.11 

4a  00 

6a  00 

90.26 
52.84 

97.50 
95l00 
92.50 
89.50 
93.50 


Remarks. — Tent  297:  Light  gray,  some  little  silvery  deposit  of  carbon  and  2-inch 
black  butts.  Breakage  badly  cross  fractured.  Cell  structure  laige.  Metallic  ring. 
Washing,  larger  charge,  and  slow  draft  probably  would  improve  quality. 

Test  300:  Light  gray  and  silvery,  butts  removed.  Breakage  badly  cross  fractured, 
but  good.    Cell  structure  lai^.    Metallic  ring.     One  inch  less  draft. 

Test  301:  Light  gray  and  silvery.  Breakage  badly  cross  fractured,  but  pieces  of 
good,  laige,  uniform  size.    Cell  structure  large.    Metallic  ring. 

Test  302:  Light  gray,  some  little  silvery  deposit  of  carbon.  Breakage,  badly  cross 
fractured,  but  pieces  of  good,  large,  uniform  size.    Cell  structure  large.    Metallic  ring. 
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Cfumical  analyses. 


Test 
No. 


297 


300 


901 


302 


|851-D. 
t854-D. 


LaboTft- 
toryNo. 


f858-D. 
886-D. 
886-D. 
8Q&-D. 
887-D. 

Imo-d. 


Coal 


Coke 

Coal. 

Coke 


Coal. 


Coke 


Coal 


Coke 


Molstuie. 


3.15 


.22 


.45 


.27 
"4.16 

■"."si 


VoIatUe 
matter. 


33.30 

34.47 

.73 

.73 

34.42 

35.55 

1.11 

1.12 

32.00 

33.71 

.56 

.56 

31.66 

33.01 

.40 

.50 


Fixed 
carbon. 


49.65 
51.27 
79.96 
80.13 
47.71 
49.25 
78.27 
78.62 
52.78 
55.61 
84.37 
84.60 
54.16 
56.48 
85.01 
85.27 


Ash. 


13.81 
14.26 
19.09 
19.14 
14.72 
15.20 
20.17 
20.26 
iai4 
ia68 
14.80 
14.84 
10.06 
10.51 
14.19 
14.23 


Sulphur. 


0.66 
.68 
.55 
.55 
.58 
.60 
.49 
.49 
.59 
.62 
.54 
.54 
.61 
.64 
.49 
.50 


Phos- 
phorua. 


a  0113 


.0105 


.0114 


.0109 


DBNVEB  No.  28. 

Coking  tests. 


Date 

I>uratlon hours 

Slie: 

As  shipped 

Asuaea. 

Goal  charged: 

Wet pounds 

Dry do.. 

Ooke  produced 


Test— 


298. 


11,28,08 
24 

r.  0.  m. 
r.,  f.  c. 

12,930 
12,049 
None. 


303. 


12,9,08 
39 

r.  o.  m. 

10,510 

9,540 

None. 


305. 


12,11,06 
36 

r.  o.  m. 
w.,  n.  0. 

6,510 

5,959 

None. 


Remarks. — Test  298:  No  coke  produced.  Burned  for  twenty-four  hours  with  very 
hot  flame.    Did  not  ash . 

Teet  303:  No  coke  produced.  All  volatile  expelled.  Drawn  from  oven  in  same 
size  as  charged.    No  evidence  of  fusion  or  coherence. 

Teet  305:  This  was  an  attempt  to  produce  coke  from  coal  not  crushed,  with  the  oven 
heated  up  with  a  charge  of  red-hot  coke  at  the  door.  The  product  showed  some  signs 
of  coking.    High  heat  of  by-product  ovens  might  give  better  results. 

Chemical  analyses. 


Test 
No. 


296 
308 


LalxKB- 
tory  No. 


853-D 
803-D 
802-D 


^ C;: 

^ pr?: 

co^ {£?;: 


Moisture. 


6.81 


9.23 
'i'46 


VolaUle 
matter. 


35.28 
37.86 
34.06 
37.52 
32.01 
34.96 


Fixed 
carbon. 


46.50 
49.89 
48.79 
53.75 
50.83 
55.54 


Ash. 


11.41 
12.25 
7.92 
8.73 
8.70 
9.50 


Sulphur. 


0.60 
.64 
.55 
.60 
.57 
.62 
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DBNVX&  Ho.  29, 

Coking  tests. 


Date 

Duration houn. 

Bke: 

As  flipped 

Asoaed. 

Goal  charged: 

Wet poands 

Dry do.. 

Coke  produced: 

Wet {i^^r^^l 

^^ {p^S^ 

Breese  produced: 

^•t- {gS'SSi 

j^  rpounda. 

Totalyield: 

Wet do.., 

Dry do.. 

Physical  properties  of  ooke: 

Bpednc  gravity— 

Apparent 

Real 

Volume- 
Coke percent 

Cells do.. 

Weight  per  cubic  foot- 
Wet  pounds 

Dry do. . 

6-foot  drop  test  over  2-lnch  mesh— 

1 per  cent 

2 do.. 

3 do.. 

4 do.. 

6 do.. 


Test— 


290. 

)06. 

12,2,08 
77 

• 

12,15,08 
82 

r.o.  m. 

r.  0.  m. 

r.,  f.  c 

w.,  f.  c. 

13,000 
12,767 

13,460 
12,815 

8,863 
60.40 

9,150 
68.03 
9.116 

n.i3 

268 
1.99 

267 
2.01 

218 
1.62 

217 
1.68 

7a  44 
7L41 

60.65 
72.82 

aoo 

1.99 

a  79 
2.06 

40l00 
6a  00 

88.00 
62.00 

87.06 
49.64 

87.74 
49.07 

99.00 
98.00 
96.60 
95.60 
97.00 

90.00 
97.50 
97.00 
9a  00 
97.50 

Remarks. — ^Teet  299:  Dull  gray  color,  some  little  deposit  of  carbon.  Breakage,  very 
badly  cross  fractured,  but  pieces  of  good  size.  Not  brittle,  very  little  breaking  down 
to  breeze.  Cell  structure  very  smalL  dense.  Percentage  of  cells  by  volume  very 
large,  but  cells  very  small. 

Test  306:  Same  as  test  299.    Ash  reduced  by  washing. 

Chemical  analyses. 


Test 
No. 


299 


a06 


Leborar 
tory  No. 


Moisture. 


VolaUle 
matter. 


Fixed 
cartxm. 


Ash, 


Sulphur. 


Pboa- 
pboniB. 


{ 


865-D. 
881-D. 
897-D. 
917-D. 


Coal. 


Coke.. 


Coal. 


Coke. 


1.87 


.68 
".'87 


22.89 
28.82 
1.41 
1.42 
22.34 
23.34 


67.08 
68.86 
87.77 
8a  23 
6a  86 
7a  17 
91.88 
91.67 


a  16 
a82 

laao 
ia85 
a  19 
a40 
ao2 
ao6 


a70 

.71 
.48 

.48 
.50 
.58 
.58 


a  0404 


.0125 


B£SULTS  OF  COKING  TESTS. 
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DBHVBB  No.  80. 

Coking  t€$ti. 


Pgijs^, 

Duraikm  v..  1  !.!**.! hoois. 


AaahlDMd 

AsjDsed. 

Ooalcbarsed: 

W«t poands.. 

Dry do 

Coke  prodnoed: 

'"^ ^^t.: 

DT iK?e: 


Bnese  produfled: 


'\peroent. 


^-^ «?»:: 

•>^ feiH 

Tvtelyleld: 

Wet do... 

Dry do... 

Phyafcalproperttes  of  coke: 
Speoffle  (iBTity — 

Apparent 

Real 

Volmne— 

Coke peroeot.. 

CeBs .rr.do.. 

Wel^t  per  cable  foot^ 


'et. poondfl. 

DiT do... 

d-foot  drop  test  over  2-lDch  mesh— 

1 ^ percent. 

do 

do... 

do... 

do. . . 


3. 
8. 
4. 

5. 


Test  304. 


12,12,06 
67 

r.  0.  m. 
w.,  L  c. 

13,110 
12,313 

8,860 
67.51 
8,800 
71.47 

313 
2.38 

ai 

ZS2 

60.80 
73.00 


0.87 
X06 

42.00 
£8.00 

00.11 
53.06 

96.50 
97.00 
04.50 
03.00 
96.50 


Remarta, — ^Teet  304:  Dull  gray  color,  Bome  little  deposit  of  carbon.  Breakage,  very 
badly  crosB  fractured,  but  pieces  of  good  uniform  size  and  not  brittle.  Cell  structure 
W9ty  onaJl,  deiue.  Hi^  yield  of  coke  and  low  percentage  of  breeze.  Drop  tests 
show  very  small  breakage. 

Chemiail  analffus. 


Tart 


Labonk 
taiylto. 


I 


SOl-D 
800-D 


CoaL. 


Coke.. 


Moiston. 


6.08 


.57 


Volatile 


28.06 

24.55 

1.96 

1.07 


Fixed 
carbon. 


62.18 

66.14 
85.82 
86.31 


Aab. 


8.74 

9.31 

11.65 

11.72 


Sulphur. 


a43 
.46 
.48 
.48 


Phoe- 
pborus. 


aO340 
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WASHING  AND  COKING  TESTS  OF  COAL. 


DENVEB  No.  31. 

Coking  tests. 


Date 

Duration hours . . 

Slxe: 

As  shipped 

As  used. 

Cioal  charged: 

Wet pounds.. 

Dry do 

Coke  produced: 

^•t {rii-^xV. 

^ fet:: 

Bieese  produced: 

Wet  /pounds... 

^^^ iperoent.. 

Drv  /pounds... 

"^ \peroent.. 

Tot^yleld: 

Wet do.-.. 

Dry do 

Physical  properties  of  coke: 

Bpednc  gravity- 
Apparent 

Real 

Volume- 
Coke per  cent. . 

Cells do.... 

Weight  per  cubic  foot^ 

wet pounds.. 

Dry do 

6*foot  (uop  test  over  2-inch  mesh— 

1 percent.. 

2 do 

3 do,... 

4 do.... 

6 do 


Test— 


311. 


12,28,8 


*« 


r.  0.  m. 
r.,  f.  a 

10,400 
10,007 

6,1£0 
60.13 
6,071 
00.13 

460 

4.83 

444 

4.40 

03.46 
04.68 


0.07 
2.16 

45.00 
65.00 

04.08 
60.74 

02.60 
82.00 
76.00 
66.00 
87.60 


812. 


12,81,8 
64 

r.  O.  7XL 

w.,  f.  o. 

13,200 
12,726 

8,100 
61.86 
8,055 
63.80 

3S2 
2.62 

330 
2.60 

63.88 
66.80 


a07 
X14 

46.00 
66.00 

04.46 

oai6 

04.60 
80.00 
84.00 
80.60 
87.00 


313. 


12,30,8 
37 

r.  0.  m. 
w.,  f.  c 

0,000 
8,680 

6,100 
66.67 
4,067 
67.80 

217 
2.41 

211 
2.46 

'60.08 
60.86 


0.03 
2.21 

42.00 
68.00 

82.62 
66.46 

06.00 
89.60 
84.00 
80l60 
86u50 


Remarha.—Teat  311 :  DuU  gray  color.  Breakage,  badly  cross  fractured,  fine  fingered, 
breaking  badly.    Cell  structure  little  laige.    Soft  coke. 

Test  312:  Gray  color,  some  little  silvery  deposit  of  carbon.  Breakage,  badly  cross 
fractured,  fine  fingered,  and  brittle.  Cell  structure  a  little  laige.  Metallic  ring. 
Improvement  over  raw  charge,  as  well  as  small  washed  charge. 

Test  313:  Dull  gray  color,  some  little  carbon.  Breakage,  very  badly  cross  fractured. 
Fingered,  soft,  and  brittle.  Cell  structure  a  little  laige,  but  better  than  that  from 
raw  chaige.    Ash  reduced  by  washing. 

Chemictd  analyses. 


Test 
No. 


311 


312 


313 


Labora- 
tory No. 


J060-D. 
lo76-D. 


(074-D. 
085-D. 
076-D. 
078-D. 


^ {S?:: 

C5oke /Wet.. 


Coal. 


Coke. 


Coal. 


Coke. 


Moisture. 


2.01 


1.20 

i'io' 


.66 


Volatile 
matter. 


36.78 

37.88 

1.61 

1.63 

88.97 

40.42 

.60 

.60 

80.60 

41.44 

1.66 

1.60 


Fixed 
carbon. 


46.02 
48.88 
80.01 
81.06 
47.43 
40.20 
83.20 
83.76 
46.40 
4&76 
81.76 
88.06 


Ash. 


13.39 
13.70 
17.00 
17.81 

laoi 

10.38 
16.66 
16.66 
0.84 
0.80 
14.00 
14.46 


Sulphur. 


0.00 
.08 
.78 
.74 
.81 
.84 
.60 
.60 
.76 
.80 
.60 
.61 


Pho»- 
phonis. 


0.0113 


.0128 


.0114 


BE8ULTS  OF  COKING  TESTS. 
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DBNVEB  No.  32. 


CoHng  teaU. 

Test— 

306. 

309. 

• 

310. 

Date..... 

12,24,8 
41 

r.  0.  m. 
r.,  f.  c. 

10,060 

9,270 

None. 

12,26,8 
36 

r.o.m. 
w.,n.c. 

9,470 

8,584 

None. 

12,28,8 
45 

r.  0.  m. 

Doratlon 

Site: 

Afl  iihlpiwcl 

houra.. 

A«««§ 

w.,f.c. 

Coal  charged: 

Wet 

Dry 

pounds.. 

1 do 

8,100 
7,291 

Cokff  producpd .  ... 

None. 

Remarks. — Test  308:  No  coke  produced.  No  evidence  of  fusion  or  coking  when  the 
oven  was  drawn  after  forty  hours. 

Tests  309  and  310:  No  coke  produced.  Volatile  was  practically  all  expelled,  but 
coal  was  drawn  from  the  oven  the  same  size  as  charged.  No  evidence  of  fusion  or 
coking.    Charges  ashed  down  about  1  inch  over  the  whole  oven. 


Chemical  analyses. 


No. 


300 
310 


Laboratory 

No. 


967-D 
9e8-D 
97&-D 


^ {d^:: 

^ {Dry:: 

^ iZ':: 


Moisture. 


8.04 


9.36 

V.  90 


VolatUe 
matter. 


36.93 
40.16 
36.97 
40.79 
36.84 
40.93 


Fixed  car- 
bon. 


45.61 
49.60 
45.90 
50.64 
46.17 
51.29 


Ash. 


9.42 
10.24 
7.77 
8.57 
7.00 
7.78 


Bulpbor. 


1.63 
1.77 
1.40 
1.54 
1.38 
1.53 


DBNVBB  No.  88. 


Coking  tests. 


Date 

Duration hours. 

Biie: 

Aa  shipped 

Ab  usea. 

Coal  charged: 

Wet pounds. 

Dry do. . . 

Cokeprodooed 


'•M 


r.  0.  m. 

iv«|  I«  C* 

10,100 

9,204 

None. 


Remarks. — ^Tests  314  and  315:  Burned  for  28  and  31  hours,  respectively.    No  evi- 
dence of  fusion  or  coking. 

Chemical  analyses. 


Test 
No. 

Laboratory 
No. 

Moisture. 

Volatile 
matter. 

Fixed  car- 
bon. 

Aah. 

Sulphur. 

314 

9T7-D 

966-D 

Coal {S^*:: 

8.86 

37.96 
41.65 
38.62 
42.38 

48.56 
53.28 
48.69 
53.43 

4.62 
5.07 
3.82 
4.19 

1.00 
1.10 

315 

co«> \^:: 

8.87 

.82 
.90 
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WASHING  AKD  COKING  TESTS  OF  COAL. 


DBNVEB  Hos.  19A  AXD  90 


f  »  «:^i 


IN  BaT7AI<  POBTION8. 


Coking  t€tU. 


Date 

DnrattoD boon 

sue: 

ABshlpj 

Coal  charged: 

Wet pounds. 

Dry do... 

Coke  produced: 

^®' Tperoent. 

n»«  /pounds.. 

^'y ^percent 

Breese  produced: 

^^ lK[**°* 

^^ {pSoent 

Total  Tleld: 

Wet do.. 

Dry do. . 

Physical  properties  of  coke: 

Spedflc  gravity — 

Apparent 

Real 

Volume — 

Coke per  cent 

Cells do.. 

Weight  per  cubic  foot- 
wet pounds 

Dry do. . 

6-foot  atop  test  over  2-lDch  mesh— 

1 percent 

2 do.. 

3 do.. 

4 do.. 

6 do.. 


Test  294. 


11,19,06 
27 

r.  0.1a. 

w.,lo. 

8,450 
8,002 

4,886 
87.82 
4.868 

60.77 

478 
5.82 

478 
8.91 

68.41 

66.68 


1.06 
1.04 

54.00 
MwOO 

08.88 
68.10 

08.50 
07.00 
94.50 
02.50 
M.00 


Remarks, — Test  294:  Dull  gray  color.  Breakage,  good.  Cell  structure  very  small, 
dense.  Poor,  soft,  punky  coke.  Addition  of  noncoking  (19A)  to  good  coking  (20) 
coal  changed  otherwise  good  coke  into  one  of  poor  quality. 

Chemical  analyses. 


Test 
No. 

Labora- 
tory No. 

Moisture. 

Voladle 
matter. 

Fixed 
carbon. 

Ash. 

Sulphur. 

Phos- 
phorus. 

tfW^^ 

J807-D... 
IsSO-D... 

c~i \^^:: 

5.30 

33.49 

35.36 

.91 

.91 

45.78 
48.35 
74.81 
75.17 

15.43 
16.29 
28.80 
28.92 

0.62 
.66 
.58 

.85 

204 

Coke {IS^' 

.48 

0.0012 

RESULTS  OP  COKINO  TESTS. 
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DENVBB  Hos.  20  AND  30. 

Coking  tests. 


Date 

Duration hours 

Site: 

As  shipped 

Asusecf. 

Goal  charged: 

Wet pounds 

Dry do.. 

Coke  prodnoed: 

*•» U-Sit 

^ feSt 

Breeie  prodnoed: 

'^•t pS^t 

^ fet 

Totalvleld: 

Wet do.. 

Dry do.. 

Physlca]  properties  of  ooke: 

Specutc  gravity- 
Apparent 

Real 

Volmne— 

Coke peroflot 

Cells do.. 

Weteht  per  cuble  loot- 

wet pounds 

Dnr do.. 

64bot  drop  test  over  2-Inch  mesh— 

1 percent 

2 .VT.do.. 

3 do.. 

4 do.. 

6 do.. 


Test  307. 


r.  o.  m. 
w.,  L  c. 

13,660 
13,006 

0.160 
67.03 
0,013 
68.82 

236 

1.66 

223 

1.70 

68.60 
70. 5& 


0.84 
8.11 

40.00 
60.00 

80.00 
61.50 

06.00 
07.60 
06.60 
06.60 
07.60 


Remarks. — ^Teet  307:  Theee  two  coals  were  from  the  same  bed,  but  only  the  upper 
coal  (Denver  No.  29)  is  used  (raw)  for  coking.  The  object  of  this  test  was  to  show  the 
poesibilities  of  mixing  and  washing  and  then  coking.  The  result  warrants  use  of 
these  coals  if  washed.  Coke  produced  of  dull  gray  color,  very  badly  cross  fractured, 
but  of  uniform  size.  Metallic  ring.  -  Very  -small  cell  structure,  dense.  Noticeable 
for  small  percentage  of  breese  produced  and  hi^  yield  of  coke.  Results  practically 
the  same  as  for  the  separate  coals,  tests  306  and  304. 

Chemical  analyses. 


Test 
No. 

Labora- 
tory No. 

Moisture. 

Volatile 
matter. 

Fixed 
carbon. 

Ash. 

Sulphur. 

PhOB- 

phonis. 

J80fr-D... 
I0I8-D... 

Coal -(We>- 

4.06 

22.82 

23.70 

1.26 

1.28 

66.47 
68.23 
87.60 
88.83 

7.66 
7.06 
0.74 
0.80 

0.46 
.48 
.61 
.62 

307 

r 
Coke \ 

Wet.. 
iDry.. 

i.w' 

""6.0368 

60  WASHING  AND  COKING  TESTS  OF  COAL. 

NOTES  OK  TESTS  AND  COKCLTTSIONS. 

Denver  No.  15,  from  Illinois,  was  tested  with  a  view  of  producing 
metallurgical  coke  from  coal  from  a  field  that  had  shown  promise  in 
previous  tests  at  the  St.  Louis  plant.  The  coal  from  a  newly  opened 
mine,  not  available  during  former  tests,  demonstrated  by  actual  test 
in  a  copper  smelter  that  good  commercial  metallurgical  coke  can  be 
produced  from  Illinois  coal  in  beehive  ovens. 

Denver  No.  23,  from  the  Weir-Pittsburg  seam  in  Kansas,  was 
tested  to  sho^  the  possibiUty  of  producing  coke  for  zinc  smelting, 
one  of  the  State's  large  industries,  for  which  coke  is  at  present  being 
imported  from  other  States.  The  results  show  that  coke  of  good 
quality,  with  low  ash  but  high  sulphur  content,  can  be  produced  from 
some  Kansas  coal.  The  high  sulphur  of  this  coal,  5.38  per  cent,  is 
reduced  42  per  cent  by  washing,  and  there  is  a  further  reduction  of 
practically  18  per  cent  in  conversion  of  coal  to  coke.  The  resultant 
sulphur,  2.56  per  cent,  though  still  high,  is  no  detriment  in  zinc 
smelting. 

Denver  No.  19A,  with  addition  of  50  per  cent  coking  coal,  produced 
soft,  poor  coke.  The  addition  of  noncoking  coal  to  good  coking  coal 
changed  the  product  from  good  coke  to  one  of  poor  quality. 

Denver  No.  26  is  subbituminous  and  possesses  no  coking  qualities. 

Denver  Nos.  29  and  30  are  from  the  same  mine,  the  upper  portion 
(29)  being  mined  and  used  for  manufacture  of  coke  and  the  lower 
portion  (30)  being  left  in  the  mine.  These  two  coals  were  mixed  in 
equal  portions,  washed,  and  the  resulting  washed  coal  coked,  pro- 
ducing about  the  same  grade  of  coke  as  that  from  the  separate  por- 
tions. The  results  seemingly  show  tjiat  the  whole  seam  of  coal  is 
available  for  the  production  of  coke.  • 

Denver  No.  32  showed  no  sign  of  fusion  or  coking  in  the  ovens, 
though  commercial  laboratories  had  reported  it  as  coking  coal. 

The  loss  of  sulphur  in  the  56  tests  that  produced  coke  averages 
47.71  per  cent,  the  lowest  being  8.70  per  cent  for  Denver  Nos.  29  and 
30  (test  307)  and  the  highest  66.20  per  cent  for  Denver  No.  19A 
(test  272), 
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COALS  AVAILABLE  FOR  THE  MANUFACTDEE 

OF  ILLUMINATING  GAS. 


By  A.  H.  White  and  Perry  Barker. 


INTRODUCTION, 

By  Herbert  M.  Wilson. 


GENEBAL  STATEMENT. 

In  a  consideration  of  the  various  means  whereby  more  economical 
and  more  efficient  use  may  be  made  of  the  fuels  in  the  United  States, 
the  possibility  of  obtaining  for  the  production  of  illuminating  gas 
other  and  cheaper  fuels  than  the  Pennsylvania  coals  demands  atten- 
tion. For  the  Government,  as  well  as  for  private  corporations  and 
the  householder,  there  can  be  no  more  economical  and  efficient  way 
of  using  some  coals  than  through  the  medium  of  illuminating  gas. 
In  the  stove,  gas  reduces  the  labor  cost  of  heat  production  and  lessens 
the  drudgery  of  the  kitchen;  burned  in  the  Welsbach  mantle,  it  is 
an  excellent  and  cheap  illuminant.  In  addition,  the  coke  that 
remains  after  the  gas  has  been  recovered  furnishes  a  smokeless 
fuel  that  has  about  the  same  heating  value  as  anthracite.  Hence 
any  investigations  that  will  indicate  how  local  coals  through  proper 
treatment  may  be  substituted  for  the  higher  priced  and  rapidly 
vanishing  Pennsylvania  gas  coals  will  bring  about  lower  prices  for 
both  gas  and  coke  and  will  also  aid  to  conserve  for  use  in  metallur- 
gical processes  the  coking  coals  of  Pennsylvania  and  of  other  States. 

The  annual  drain  on  the  gas-coal  resources  of  this  country  and  the 
importance  of  the  gas  and  coke  industries  are  indicated  by  the  fact 
that  8,390,129  tons  of  coal  were  carbonized  in  retorts  in  the  United 
States  in  1909.  The  resulting  salable  products  from  by-product  ovens 
were  15,791,220,000  cubic  feet  of  coal  gas,  6,254,644  tons  of  coke, 
and  60,126,000  gallons  of  tar.  The  total  value  of  all  by-products 
was  about  $28,508,637. 

There  are  few  well-developed  coal  fields  in  this  country  that  fur- 
nish coal  satisfying  all  the  requirements  of  illuminating-gas  manu- 
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facture.  Most  of  the  coal  used  hitherto  has  come  from  western 
Pemasylvania,  the  quantity  supplied  by  other  fields  being  relatively 
small.  The  introduction  of  gas  coals  from  new  or  little-known  dis- 
trictsy  because  of  the  lack  of  necessary  testing  stations  and  of  scien- 
tific study  of  the  complex  process  of  gas  manufacture,  has  been 
difficult. 

The  Michigan  Gas  Association  took  a  step  in  the  right  direction 
when,  in  continuation  of  its  cooperative  research  work  with  the 
department  of  chemical  engineering  of  the  University  of  Michigan, 
it  erected  in  1906,  at  Ann  Arbor,  Mich.,  a  complete  experiment  sta- 
tion for  the  study  of  illuminating-gas  manufacture.  Much  patient 
experimenting  was  done  in  designing  this  plant,  and  many  changes 
were  made  in  its  operation  before  results  were  procured  which  were 
inteUi^ble  and  could  be  compared  with  those  obtained  at  gas  works. 
The  experiment  station,  as  it  now  stands,  represents  the  best  thought 
of  many  gas  engineers  who  freely  gave  their  time  to  perfecting  it. 

When  the  technologic  branch  of  the  United  States  Geological 
Survey  took  up  illuminating-gas  investigations,  it  found  that  the 
pioneer  work  done  at  this  plant  was  of  much  importance.  Accord- 
ingly, an  arrangement  was  made  with  the  University  of  Michigan 
whereby  Alfred  H.  White,  professor  of  chemical  engineering,  who 
had  directed  the  work  at  the  plant,  assumed  charge  of  the  Survey's 
investigations.  For  convenience  and  economy  the  work  was  carried 
on  at  Ann  Arbor,  Mich.,  with  the  consent  of  the  Michigan  Gas  Asso- 
ciation and  the  Ann  Arbor  Gas  Co.;  the  latter  had  provided  much  of 
the  original  installation  and  furnished  certain  facilities  whereby  the 
tests  were  made  on  a  commercial  basis. 

The  investigations  were  so  directed  as  to  permit  the  testing  of  coals 
from  different  parts  of  the  United  States.  The  results  show  that 
certain  coals  from  which  good  yields  of  gas  had  been  expected  can 
not  be  considered  as  available  for  illuminating-gas  manufacture, 
whereas  other  coaJs  give  promise  and  should  be  investigated  further. 

The  data  contained  in  this  report  are  the  outcome  of  the  coopera- 
tive work  at  the  laboratory  mentioned  during  parts  of  the  years  1908 
and  1909.  The  report  is  published  as  a  bulletin  of  the  Bureau  of 
Mines,  because  the  act  of  Congress  which  established  that  bureau 
provided  for  the  transfer  to  it  of  the  fuel  testing  that  was  being  cai^ 
ried  on  by  the  United  States  Geological  Survey. 

PEBSONNSL. 

The  investigations  were  under  the  supervision  of  Professor  White. 
Perry  Barker,  assistant  engineer  of  the  United  States  Geological 
Survey,  was  assigned  as  principal  assistant.  After  the  resignation 
of  Mr.  Barker  liis  work  was  continued  by  Dwight  F.  Smith,  junior 
engineer.     In  addition,  John  H.  Wyman  and  William  A.  Dunkley 
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rendered  efficient  service  upon  the  tests.  The  mine  sampling  was 
in  chaise  of  George  S.  Pope,  who,  with  K.  M.  Way  and  P.  M.  Rief  kin, 
all  of  the  United  States  Geological  Survey,  collected  and  shipped 
the  coals  tested. 


ACElfOWUSDaMENTS. 

Acknowledgment  is  made  of  advice  from  various  members  of  the 
Mchigan  Gas  Association  in  regard  to  the  working  details  of  the 
experiment  station,  and  of  helpful  assistance  from  the  officers  and 
engineers  of  the  Detroit  City  Gas  Co.,  who  willingly  devoted  time 
to  the  operation  of  the  plant  during  the  course  of  these  tests. 

DESCRIPTION  OF  TESTS. 
COALS  TESTED. 

All  samples  taken  for  test  were  loaded  under  the  inspection  of  an 
official  of  the  United  States  Geological  Survey,  who  also  examined 
the  mine  and  took  mine  samples  for  analysis.  This  procedure  enabled 
those  in  charge  of  the  tests  to  obtain  samples  with  authentic  histories 
and  to  make  the  scope  of  the  inquiry  much  broader  than  that  of  the 
earlier  investigations  at  the  Ann  Arbor  plant. 

Seventeen  tests  of  coal  from  11  localities  were  made,  and  the  results 
are  incorporated  in  this  report.  Table  1  summarizes  the  data  relative 
to  the  samples  collected. 

Table  1. — Source  of  coals  tested  at  Ann  Arbor,  Mich. 


Field  No. 

Tot  No. 

Bed. 

Locality. 

Railroad. 

A,  A.  I 

18,  19,  20, 
32. 

28.22 

30,21 

24 

Pittsburg 

Soott  Haven,  Allegheny  County,  Pa. . 

Van  Houten,  CoUsx  Comity,  N.  Mex. . 
HeUier,  Pike  County,  Ky 

Pittsburg  &  Lake 

A.  A.  2 

Raton 

Erie.  " 
Santa  Fe. 

A.  A.  3 

Upper  Elkhom... 
Yampa. . .», 

Chesapeake  &  Ohio. 

A.  A.  4 

Oak  Creek,  Routt  dounty,  Colo 

Page.  Fayette  County,  W.  Va 

Sopris,  Las  Animas  County,  Colo 

Denver.  North- 

A.  A.  6 

25.27 

26 

Kanawha,  No.  2. . 
Sopria 

western  &  Pacific. 
Virginian. 
Colorado  &  South- 

A.  A.  7 

29 

No.  2  or  lower 

Thompson 

Bairinav , „ , 

em. 
Union  Pacific. 

A.  A.  6 

33 

Blocton,  Bibb  County,  Ala 

Mobile  &  Ohio. 

A.  A.  9 

34 

Saginaw,  Saginaw  County,  Mich 

La  Follette,  Campbell  County,  Tenn. . 

Harrisburg,  Saline  County,  111 

Michisan  Central. 

A.  A.  10.... 

81 

Rex 

Louisville  &  Nash- 

A.  A.  U.... 

35 

No.  5 

vlUe. 
Bis  Four. 

8T7HHABY  OF  BB8T7LT8. 

The  material  here  presented  constitutes  a  progress  report  of  results 
obtained  in  testing  different  coals  to  determine  their  value  for  use  in 
gas  works.  The  results  are  to  be  taken  as  tentative  and  suggestive, 
and  not  in  any  way  as  final.  Indeed,  since  a  coal  that  would  give 
good  results  in  one  gas  works  might  not  prove  satisfactory  under  the 
differing  conditions  prevailing  at  another,  a  testing  station  should 
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hardly  be  expected  to'  make  positive  statements  as  to  the  value  of  a 
given  coal.  The  purpose  of  such  a  station  should  rather  be  to  test 
the  coal  under  diverse  conditions  and  to  find  what  conditions  give  the 
best  returns.  The  work  here  set  forth  falls  short  of  that  ideal  chiefly 
because  of  the  scantiness  of  the  data.  Gas  coals  should  be  tested  in 
the  retort  at  both  high  and  low  temperatures,  and  the  tests  should  be 
repeated  until  it  is  fairly  certain  that  no  serious  error  has  been  made; 
but  since  a  long  time  is  required  for  a  complete  study  of  a  number  of 
coals;  it  has  seemed  wise  to  present  the  data  collected  on  these  11 
coals  with  only  a  slight  interpretative  discussion  and  to  leave  the 
reader  to  draw  such  conclusions  as  seem  warranted. 

YIELD  OF  COKE. 

Although  the  results  given  in  this  report  have  been  studied  from 
various  standpoints  and  have  suggested  some  interesting  deductions, 
the  only  conclusion  which  seems  to  apply  to  all  coals  well  enough  to 
warrant  presentation  is  that  relating  to  the  percentage  yield  of  coke. 
This  percentage  is  only  slightly  dependent  on  retort  temperature,  for 
the  retort  is  always  hot  enough  to  drive  off  the  volatile  matter  in  a 
coal;  and  the  secondary  changes  of  the  distillation  products  at  high 
retort  temperatures  do  not  greatly  affect  the  yield  of  coke. 

As  is  to  be  expected,  the  yield  of  coke  is  roughly  proportionate  to 
the  ratio  of  the  total  fixed  carbon  to  the  volatile  matter  of  the  coal. 
From  calculations  based  on  the  ratio: 


Fixed  carbon  +  ash 


Moisture + volatile  matter 

the  rank  shown  in  the  table  below  is  obtained.  The  agreement  shown 
between  the  computed  ratio  and  the  actual  percentage  of  coke  is 
close,  the  only  coal  not  in  agreement  being  the  one  from  New  Mexico.** 

Coke  yield  of  coals  tested. 


Rank  of  coal. 


1.  Wjoming 

2.  Michigan 

3.  Oak  Creek,  Colo 

4.  Illinois 

6.  Tennessee 

6.  Pennsylvania.. 

7.  Kentucky 

8.  New  Mexico. . . 

9.  Alabama 

10.  West  Virginia.. 

11.  Soprls.  Colo 


Fixed  carbon+ash 


Moist  ure+volatUe  matter 


0.82 
1.43 
1.63 
1.56 
1.68 
1.82 
1.88 
1.03 
2.04 
2.21 
2.90 


Percentage  of 

coke  from  coal 

as  charged. 


60.2 
69.6 
60.0 
62.3 
66.8 
67.0 
67.0 
68.9 
68.8 
73.3 
74.9 


a  Errors  in  one  of  the  two  tests,  22  and  2S,  made  with  this  coal  are  probably  responsible  for  the  ooal 
not  being  in  agreement.  The  weight  of  ooal  charged  in  test  28  may  have  been  wrongly  reported.  See 
page  30. 
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VALUE  OP  A  TESTING  STATION. 

It  seems  safe  to  say  that  the  most  important  contributions  thus 
far  of  the  testing  station  to  illuminating-gas  investigations  have  been 
its  own  development  and  the  proof  that  it  can  yield  reliable  results. 
The  cost  of  equipping  a  similar  plant  at  a  gas  works  is  not  high,  and 
valuable  returns  can  be  obtained  without  the  large  testing  crew 
required  by  the  efforts  made  in  these  experiments  to  collect  all  pos- 
sible data.  Seemingly,  it  would  be  well  worth  while  for  individual 
gas  works  to  install  such  plants  for  working  out  their  own  peculiar 
problems. 

EQUIPMENT  OF  PLANT. 


GENERAL  STATEMENT. 


The  gas  was  taken  from  a  single  retort  of  the  standard  D-shape, 
26  inches  wide  by  16  inches  high  by  9  feet  long,  one  of  the  upper 
retorts  (A,  figs.  1  and  2)  of  a  bench  of  six  with  three-quarter  depth 
regenerative  setting.  When  the  plant  was  in  operation  the  valve  C 
was  closed  and  D  was  opened,  allowing  the  gas  to  pass  into  the  con- 


FioxTBE  2.— Floor  plan  of  illuminating-gas  experiment  station. 

densing  system  E.  The  condensers  were  so  equipped  that  either 
water  or  steam  could  be  passed  through  the  cooling  jackets,  thereby 
insuring  a  fairly  accurate  control  of  the  gas  temperature. 

From  the  condensers  the  gas  was  drawn  through  a  tar  separator 
(PI.  I;  fig.  3;  also  F,  figs.  1  and  2)  of  the  Pelouz6  and  Audouin  type 
and  constnicted  especially  for  this  plant,  by  a  blower  (PI.  II,  A,  ancl 
G,  fig.  1)  driven  by  a  4-horsepower  vertical  engine.  This  blower 
was  placed  beyond  the  tar  extractor  in  order  to  eliminate  any  error 
from  its  possible  action  as  a  tar  separator.  In  a  by-pass  around  the 
exhauster  was  a  pressure  regulator,  H,  so  counterpoised  that  a 
nearly  uniform  pressure  was  maintained  at  the  retort. 
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The  next  piece  of  apparatus  (fig.  4  and  I,  figs.  1  and  2)  was  a  tar 
washer  of  the  standard  type.  From  the  tar  washer  the  gas  passed 
into  a  tower  scrubber  (PL  III,  and  K,  figs.  1  and  2),  which  was  made 


FiovBB  3.— Sectional  etorAtioii  of  tar  separator. 


from  a  piece  of  16-inch  water  pipe  filled  with  coke  and  fitted  with  a 
water  spray.  A  3  by  3  foot  purifying  box  (fig.  6 ;  also  Jj,  figs,  1  and  2), 
provided  with  a  by-pass,  M,  and  a  3-foot  station  meter,  P^  completed 
the  equipment. 
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The  condensers  (PI.  I)  were  in  three  vertical  units,  and  had  annular 
spaces  in  which  either  cold  or  hot  water  could  be  circulated  so  that 
the  gas  could  be  brought  to  the  inlet  of  the  tar  separator  under  fairly 
well  controlled  conditions. 


BEGULATION  OF  PRESSUBE  IN  RETORT. 

As  the  quantity  of  gas  to  be  handled  was  small  and  varied  during 
the  test  from  a  possible  maximum  of  12  feet  per  minute  to  a  minimum 
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FiousE  4.— Tar  and  ammonia  washer. 


at  the  end  of  the  run  of  1  foot  per  minute,  trouble  was  experienced  in 
obtaining  a  satisfactory  exhauster.  The  slow-speed  exhauster  that 
was  first  used  transmittea  positive  and  negative  nodes  of  compression 
which  produced  rapid  fluctuations  of  pressure,  equivalent  to  1  inch 
of  water,  at  the  retort.  Three  diflFerent  exhausters  and  several 
modifications  of  governors  were  tried  in  the  eflfort  to  overcome  this 
difficulty. 
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In  the  final  arraQgement  a  small  blower,  run  at  about  400  revolu- 
tions per  minute,  had  a  primary  by-pasa  operated  by  a  hand  wheel 
for  rough  regulation  and  a  secondary  by-pasa  controlled  by  a  modified 
diaphragm  governor  (H,  fig.  1),  which  was  actuated  through  a  J-inch 
pipe  by  the  pressure  of  the  gas  in  the  retort.  This  arrangement  was 
not  perfect,  for  the  leather  diaphragm  soon  stiffened  by  contact  with 
the  unpurified  gas  and  did  not  respond  just  as  quickly  as  the  fluctu- 
ating speed  of  the  engine  required ;  but  with  care  it  was  possible  to 
operate  the  r^;ulating  device  so  that  the  retort  pressure  never  for 
over  a  minute  at  a  time  varied  more 
than  one-tenth  of  an  inch  from  the 
one-tenth  of  an  inch  back-pressure 
intended  to  be  kept  on  the  retort. 

OAS-SAMPLINO    DEVTOBS. 

Much  attention  was  paid  to  im- 
proving the  accuracy  of  the  various 
gas-sampling  devices.  The  tanks 
which  sampled  the  gas  by  half-hour 
periods  (1  and  2,  PI.  I,  and  S  and  T, 
fig,  l)were  made,  with  alight  modifi- 
cations, according  to  the  design 
published  in  the  proceedinga  of  tlie 
American  Gas  Institute  for  1907 
(p.  443),  and  gave  relatively  little 
trouble,  for  there  was  not  much 
variation  in  the  rate  of  production 
Qor  in  the  quality  of  the  gas  during 
a  single  half  hour.  The  reverse 
was  true  of  the  proportional  tank 
(PU.  II,  B,  and  III,  and  O,  fig.  1), 
which  was  supposed  to  collect  a 
^  .  mixed  sample  representing  the  gas 

made  from  beginnmg  to  end  of  the 
run.  This  tank  was  filled  by  a  small  wet  meter  that  worked  as  a 
pump  and  v\  us  geareu  to  the  shaft  of  the  station  meter,  as  shown  in 
Plate  III  and  at  R  in  figiu^  1,  so  that  an  aliquot  part  of  all  the  gas 
made  was  forced  by  the  meter  to  the  proportional  tank,  A  dia- 
phragm pressure  regulator  (U,  fig.  1 )  kept  a  constant  pressure  on 
the  inlet  of  this  small  meter. 

So  far  as  appearances  went  the  pump  and  pressure  regulator  worked 
well,  but  the  chemical  composition  and  heating  value  of  the  gas 
collected  by  the  proportional  tank  did  not  compare  as  they  should 
with  the  corresponding  figures  for  the  average  of  the  samples  from 
the   half-hour   tanks.    The  proportional    tank   usually   gave   high 
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resultS;  which  is  the  reason  for  the  belief  that  the  proportional  meter 
lagged  at  the  extremely  slow  speeds  at  the  end  of  the  test  and  did  not. 
deliver  the  proportional  quantity  of  the  poor  gas  then  made.  It  is 
possible,  also,  that  incomplete  mixing  of  the  heavy,  rich  gases  at  the 
bottom  of  the  proportional  tank  with  the  light,  poor  gases  at  the  top 
caused  part  of  the  trouble. 

LABORATOBY  APPABATUS. 

The  laboratory  equipment  included  an  excellent  bar  photometer, 
a  Junkoi  calorimeter,  a  complete  gas  analysis  outfit,  a  Drehschmidt 
apparatus  for  determining  the  total  sulphur  in  the  purified  gas,  two 
Hoskins  pyrometers  and  a  Morse  thermogage  for  optii^al  measure- 
ment of  retort  temperatures. 

Some  of  the  chemical  work  was  done  at  this  laboratory  and  some  at 
the  university  laboratory.  The  analyses  of  all  the  coals  collected 
and  of  all  the  cokes  produced  were  made  at  the  Pittsburgh  laboratory 
of  the  United  States  Geological  Survey. 

PBOCEDUBE  OF  TESTS. 

Three  tons  of  coal  were  shipped  as  a  sample  from  each  mine,  usually 
in  canvas  sacks  holding  100  pounds  each.  Some  of  the  coal  was 
screened  before  shipment,  but  as  many  of  the  mines  had  no  screens 
much  of  the  coal  was  forwarded  in  run-of-mine  form.  Rough 
handling  during  shipment  broke  up  some  of  the  coals  considerably.  To 
make  all  tests  comparable  in  respect  to  size  of  coal  charged  into  the 
retort,  all  coals,  except  on  the  first  few  tests,  were  screened  with  a 
standard  screen  such  as  is  used  at  the  mines  in  preparing  gas  coal. 
This  screen,  2  feet  wide  and  6  feet  long,  was  made  of  one-fourth  inch  bar 
iron  spaced  to  three-fourths  inch  and  set  at  an  angle  of  30^.  The  fine 
coal  which  fell  through  the  screen  was  rejected,  although  it  was  fre- 
quently sampled  and  analyzed  to  determine  the  effect  of  screening 
on  the  separation  of  impurities. 

Before  starting  a  regular  test  on  any  given  coal  a  preliminary 
charge  of  400  pounds  of  the  coal  was  carbonized  for  four  and  one-half 
hours  to  fill  all  parts  of  the  condensing  system  with  the  distillation 
products  and  to  prove  that  everything  was  in  order.  No  test  observa- 
tions were  taken  in  this  preliminary  run  and  the  condensed  tar  and 
liquor  were  allowed  to  flow  into  the  tar  well  of  the  city  gas  works. 
Meanwhile  the  jars  for  the  collection  of  tar  and  liquor  were  tared  and 
tagged,  the  gas-sampling  tanks  and  vessels  were  filled  with  water, 
the  sampling  apparatus  for  determining  ammonia  and  naphthalene 
in  the  gas  was  put  in  place,  the  coal  for  the  test  proper  was  weighed, 
and  the  pyrometer  for  measiiring  the  temperature  in  the  fire  space 
surrounding  the  retort  was  put  through  the  hole  in  the  end  wall  of 


16  COALS  FOB  IIjLUMINATING-GAS   MANUFACTURE. 

the  setting  (1,  fig.  1)  until  the  thennocouple  was  about  1^  inches  from 
the  middle  of  the  retort. 

While  the  coke  of  the  preliminary  test  was  being  drawn,  the  valve 
into  the  tar  well  was  closed,  the  tar  that  had  accumulated  in  the 
Pelouz6  &  Audouin  tar  separator  was  drawn  off  and  the  tar  separator 
itself  filled  to  overflowing  with  fresh  anmioniacal  Uquor  from  the 
works;  the  jars  for  the  collection  of  tar  and  liquor  were  put  in  place 
on  the  condenser  (a  and  c  of  fig.  1),  and  the  hands  of  the  station 
meter  were  set  at  zero. 

While  this  was  being  done  in  the  experimental  plant,  an  operator 
in  the  retort  house  was  supervising  the  charging  of  the  test  retort. 
The  retort  was  first  examined  to  make  sure  it  was  clean  and  in  service- 
able condition;  then  the  car,  which  contained  the  exact  weight  of 
coal  to  be  used,  was  brought  up  and  the  coal  was  charged  by  the 
regular  stokers  in  the  usual  manner.  As  soon  as  the  mouthpiece 
was  closed  the  rise  in  pressure  shown  by  the  gage  in  the  experimental 
plant  notified  the  operator  there,  who  at  once  started  the  engine. 
The  pyrometer  to  measure  the  temperature  on  the  inside  of  the  retort 
(2^  fig.  1)  was  put  through  the  hole  in  the  mouthpiece  and  pushed 
back  until  the  unprotected  thermocouple  rested  on  the  coal  halfway 
from  the  front  to  the  back  of  the  retort.  The  pyrometer  was  then 
luted  in.  After  the  operator  had  made  sure  that  the  mouthpiece 
and  all  connections  were  tight,  he  returned  to  his  station. 

In  the  experimental  plant  the  speed  of  the  engine  was  so  regulated 
that  the  manometers  indicating  the  pressure  on  the  mouthpiece  of 
the  retort  and  at  the  inlet  of  the  tar  separator  ((2,  h,  fig.  1)  showed  a 
backpressure  of  about  one-tenth  of  an  inch  of  water.  So  long  as 
the  manometers  gave  concordant  readings,  there  was  free  communicar- 
tion  between  them.  After  the  pressure  had  been  regulated  by  the 
engine  throttle  and  the  gate  valve  on  the  by-pass  of  the  exhauster, 
the  diaphragm  regulator  controlled  it  automatically.  As  the  yield 
of  gas  dropped  off  near  the  end  of  the  nm,  it  was  necessary  to  open 
the  gate  valve  on  the  by-pass  more  and  more,  thereby  allowing  the 
gas  to  circulate  more  freely  through  the  by-pass  and  diminishing  the 
suction  on  the  retort. 

The  collection  of  tar  and  ammonia  liquor  in  jars  (a,  c,  fig.  1)  and 
the  registration  of  the  gas  started  automatically  as  soon  as  the  retort 
was  closed.  The  apparatus  for  testing  the  anmionia  in  the  gas  at 
the  inlet  of  the  tar  separator  (PI.  I  and  6,  fig.  1)  and  the  naphthalene 
in  the  gas  at  the  outlet  (fig.  1,/)  were  also  started  promptly  at  the 
beginning  of  the  test,  as  was  the  HjS  sampling  apparatus.  However, 
since  the  system  had  filled  with  air  while  the  coke  of  the  preliminary 
charge  was  being  drawn,  a  five-minute  interval  was  allowed  to  elapse 
before  the  gas  for  candlepower  and  heat-value  tests  was  turned  into 
the  sampling  tank  S  or  T. 
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The  division  of  duties  among  the  testing  crew  was  as  follows: 
One  man  read  the  station  meter  every  five  minutes,  and  also  recorded 
the  pressures  shown  by  the  gage  (H,  fig.  1)  on  the  diaphragm  governor 
line  from  the  standpipe,  the  pressure  at  the  inlet  of  the  tar  separator 
F,  the  differential  pressures  on  the  separator  e,  and  tar  washer  I, 
and  the  pressure  at  the  meter  outlet  Jc.  A  second  man  at  five-minute 
intervals  read  temperatures  at  the  inlets  of  the  three  units  of  the 
condensing  system  4,  5,  and  6,  at  the  inlet  and  outlet  of  the  tar  sepa- 
rator 7  and  8,  and  took  the  temperature  of  the  water  of  the  station 
meter  9  and  of  the  gas  leaving  it  at  10.  This  man  was  responsible  for 
the  regulation  of  the  condensers.  By  the  use  of  cold  water  for  the 
condensers  it  was  possible  to  keep  the  temperature  at  the  inlet  of  the 
tar  separator  from  rising  above  120°  F.  after  the  first  few  minutes  of  the 
test.  As  the  test  progressed  and  less  steam  came  over,  the  water  was 
cut  off.  Toward  the  close  of  the  test  steam  was  turned  on  the  con- 
densers, and,  at  the  last,  even  with  full  steam  it  was  not  possible  to 
keep  the  temperatures  above  100°  F. 

METHODS  OF  SAMPLINa  AND  ANALYSIS. 

The  sampling  of  the  ammonia,  tar,and  naphthalene  in  the  gas  at 
the  tar  separator  kept  one  man  extremely  busy  and  requires  further 
description. 

AMMONIA. 

Sampling. — It  was  necessary  to  deviate  from  the  practice,  usually 
followed  at  gas  works,  of  determining  the  quantity  of  ammonia  in 
the  liquor  flowing  from  the  separator  and  scrubber,  because  of  the 
large  volume  of  hquor  in  these  devices  at  the  beginning  and  the  end 
of  a  test  as  compared  with  the  volume  collected  during  the  test 
period  of  five  hours.  The  ammonia  liquor  from  the  condensers  was 
collected  each  half  hour  and  the  ammonia  in  the  gas  from  the  con- 
denser was  determined  from  samples  taken  at  the  inlet  of  the  tar 
separator.  The  sampUng  was  done  by  drawing  a  portion  of  the  gas 
through  bottles  containing  dilute  acid.  The  aspirator  tanks  used  for 
the  purpose  held  about  a  cubic  foot  of  gas,  and  were  adjusted  to  empty 
in  a  half  hour,  the  exact  time  at  the  start  and  the  end  of  each  half- 
hour  period  being  recorded.  After  the  ammonia  in  the  half-hour  sam- 
ple was  determined,  the  quantity  of  ammonia  in  the  whole  volume 
of  gas  was  computed  from  the  station-meter  readings,  allowance 
being  made  for  the  few  minutes'  interval  between  collection  periods. 
These  figures  were  then,  for  ready  comparison,  calculated  to  even 
half-hour  intervals. 

Analysis. — ^The  ammonia  in  a  measured  volume  of  gas  at  the  tar- 
separator  inlet  (6,  fig.  1)  was  absorbed  in  7  per  cent  sulphuric  acid 
contained  in  the  Woulf  bottles,  into  which  it  was  drawn  by  an 
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aspirator  of  known  capacity.  The  acid  solution  was  then  made 
alkaline^  and  the  ammonia  Uberated  was  absorbed  in  a  known 
volume  of  standard  acid.  The  acid  not  neutralized  by  the  ammonia 
was  found  by  titration  against  standard  alkali.  The  ammonia  in  the 
liquor  drawn  from  the  condensing  system  was  determined  from 
weighed  20-gram  samples  by  neutralization  and  distillation  as  above. 

SAMPLING  AND  ANALYSIS  OF  TAR  AND  GAS  FOR  NAPHTHALENE. 

The  tanks,  N,  S,  and  T,  were  connected  to  the  outlet  of  the  large 
meter  and  one  was  filled  during  each  half  hour.  The  connections 
to  these  tanks  were  so  arranged  that  any  one  tank  could  be  con- 
nected either  with  the  gas  mains  at  the  meter  outlet  or  with  the 
lines  leading  to  the  laboratory,  as  shown  by  figure  1.  On  accoimt 
of  the  great  analytical  labor  involved,  the  naphthalenes  in  the  tar 
fog  and  gas  at  the  inlet  of  the  separator  were  determined  only  a 
few  times,  and  those  at  the  outlet  in  only  about  half  the  tests.  For 
the  same  reason  the  naphthalene  that  had  been  dissolved  by  the  tar 
in  the  condenser  and  the  tar  separator  was  determined  only  in  an 
average  sample  of  the  combined  tars  for  the  whole  distillation 
period. 

The  naphthalene  in  the  gas  at  the  outlet,  and  sometimes  at  the 
inlet,  of  the  tar  separator  was  determined  by  scrubbing  or  passing  a 
known  volume  of  gas  through  a  saturated  picric-acid  solution  con- 
taining 10  per  cent  of  acetic  acid,  the  tar  fog  being  filtered  out  by 
an  asbestos  filter.  This  tar  tube  and  picric-acid  solution  were 
changed  as  often  as  the  aspirator  emptied,  and  were  later  removed 
to  the  laboratory  for  analysis.  A  large  excess  of  alkali  was  subse- 
quently added  to  these  solutions  and  the  free  naphthalene  was 
expelled  at  70®  C,  drawn  into  a  weighed  U  tube,  and  there  con- 
densed at  0''  C. 

The  naphthalene  in  the  tar  suspended  in  the  gas  at  the  inlet  and 
the  outlet  of  the  tar  separator  was  determined  by  heating  samples 
of  tar  from  known  volumes  of  gas  to  70®  C.  until  no  naphthalene  was 
given  off.  This  naphthalene  was  drawn  into  weighed  U  tubes  and 
there  condensed  at  0®  C. 

COLLECTION   OF  SAMPLBS. 

For  collecting  the  samples  of  tar  and  gas  a  glass  tube  about  6 
inches  long  containing  fibrous  asbestos  and  glass  wool,  a  bulb  tube 
containing  picric-acid  solution,  and  a  caUbrated  aspirator  were  placed 
in  series  and  the  gas  drawn  through  the  system  at  different  rates, 
determined  by  the  point  of  samphng.  For  the  standpipe  samples, 
most  of  which  were  drawn  4  or  5  inches  from  the  top  of  the  standpipe 
or  on  the  bridge  pipe,  an  aspirator  of  about  one-third  cubic  foot 
capacity  was  used  and  the  gas  was  drawn  into  it  at  a  rate  of  about 
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one-third  cubic  foot  per  hour.  The  weighed  tube  containing  the 
asbestos  and  glass  wool  was  inserted  less  than  half  its  length  in  the 
hole  tapped  in  the  standpipe,  because  of  the  high  temperature  of  the 
gas  at  this  point.  When  the  tube  was  placed  inside  the  pipe  a  great 
deal  of  tar  and  oil  passed  uncondensed  through  the  filter  to  the 
picric-acid  bulb  tube.  For  taking  samples  at  other  points  than  the 
standpipe  a  cubic-foot  aspirator  was  used,  the  time  of  drawing  a 
cubic  foot  of  gas  being  two  or  three  hours.  Tar  tubes  for  all  these 
samples  were  placed  inside  the  main^  because  the  samples  collected 
there  would  be  most  comparable  to  those  collected  in  mains  under 
service  conditions. 

ANALYSIS. 

The  analysis  of  the  tar  collected  in  the  asbestos  filter  was  con- 
ducted as  follows:  The  tube  containing  tar  and  water  incorporated  in 
the  asbestos  was  weighed,  this  weight  giving  by  difference  the  weight 
of  tar  and  moisture  collected.  The  contents  of  the  tube  and,  if  the 
tar  stuck  to  the  glass,  pieces  of  the  glass  itself  were  put  into  the 
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volatilizing  tube,  which  was  then  weighed.  The  tube  was  placed  in 
series  with  the  drying  train  and  the  naphthalene  U  tube,  as  shown  in 
figure  6,  and  the  whole  system  was  put  in  the  oven.  The  oven  was 
heated  to  70^-80®  C.  and  air  was  slowly  drawn  through  the  system, 
volatilizing  the  naphthalene  and  moisture  in  the  tar.  The  moisture 
was  taken  up  by  the  drier — ^lime  and  phosphorus  pentoxide — and 
the  naphthalene  passed  on  to  be  frozen  out  in  the  U  tube,  which  was 
placed  just  outside  the  oven  in  a  trough  containing  ice  water.  The 
analysis  was  complete  when  the  weight  of  the  naphthalene  U  tube 
remained  constant,  or  very  nearly  so,  at  consecutive  weighings  made 
after  a  two  or  three  hour  interval.  The  time  required  for  an  analysis 
varied  with  the  quantity  of  tar  in  the  sample,  but  was  usually  30  or 
40  hours  for  standpipe  samples  containing  8  to  10  grams  of  tar. 

When  the  analysis  was  completed,  the  volatilizing  tube  was  again 
weighed;  the  loss  showed  the  weight  of  the  moisture  and  naphthalene 
given  off.  From  the  weight  of  the  naphthalene  in  the  U  tube  was 
determined  the  weight  of  the  moisture  also.  The  moisture  determi- 
nation, however,  was  at  best  only  approximate,  because  more  or  less 
of  the  light  oils,  such  as  benzol,  always  escaped  from  the  tar  with  the 
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moisture  and  naphthalene,  and  the  laboratory  had  no  means  of 
determining  them.  Finally,  the  volatilizing  tube  was  placed  in  a 
Soxhlet  extractor  and  the  remaining  contents  were  extracted  with 
chloroform  until  free  of  all  soluble  material.  After  the  tube  was  dry 
it  was  weighed  to  find  the  weight  of  free  carbon  in  the  tar. 

APPARATUS. 

The  oven  used  was  of  galvanized  iron.  It  was  20  inches  high  by 
16  inches  wide  by  14  inches  deep,  and  was  so  arranged  that  eight 
samples  could  be  worked  at  a  time.  The  volatilizing  tube  was 
made  from  a  6-inch  test  tube  cut  in  two  about  4  inches  from  the 
top.  A  piece  of  muslin  was  wired  over  the  flare,  a  layer  of  sand  about 
one -half  inch  deep  was  put  in,  and  the  tube  was  then  ready  for 
the  contents  of  the  tar  filters.  The  drying  train  (fig.  6)  consisted 
of  a  heavy  glass  tube  of  about  one-half  inch  internal  diameter  and  12 
inches  long,  which  contained  broken  lime  for  about  two-thirds  of 
its  length  and  phosphorus  pentoxide  thoroughly  incorporated  in 
glass  wool  the  other  one-third.  The  glass  wool  prevented  the  gas 
from  forming  channels  in  the  phosphorus  pentoxide,  and  thus 
aided  in  rendering  the  extraction  of  moisture  complete  before  the 
gas  reached  the  naphthalene  U  tube.  In  order  to  avoid  an  excessive 
expense  for  phosphorus  pentoxide  it  was  necessary  to  use  lime 
that  had  an  extremely  rapid  reaction  with  water.  If  the  Imnps  of 
lime  were  too  small,  their  expansion  while  slaking  cracked  the  tube. 
If  the  lumps  were  too  large,  the  gas  was  not  dried  enough.  Con- 
nection with  the  naphthalene  U  tube  was  made,  as  shown  in  figure  6, 
through  a  glass  sleeve  rendered  air  tight  by  an  inclosing  piece  of 
gum-rubber  tubing.  The  glass  kept  the  naphthalene  from  coming 
in  contact  with  the  rubber. 

REMARKS. 

This  method  of  analysis  permitted  the  estimation  of  water,  non- 
volatile tar,  free  carbon,  and  naphthalene.  The  separation  of  the 
water  and  the  anhydrous  tar  was  not  very  exact,  any  light  oils  that 
were  vaporized  by  the  air  drawn  through  the  train  being  reported  as 
water.  The  determination  of  naphthalene,  however,  was  precise 
enough.  The  air  left  the  drying  system  saturated  with  naphthalene 
at  the  temperature  of  ice  water,  but  this  loss  need  not  have  amounted 
to  over  a  milligram  for  each  10-hour  run.  It  is  possible  that  the 
naphthalene  might  have  been  contaminated  by  other  hydrocarbons 
and,  as  has  been  pointed  out  in  an  account  of  previous  work  at  the 
plant,  the  naphthalene  deposit  was  sometimes  slightly  oily  and  had  a 
low  melting  point.  An  attempt  was  made  to  determine  the  nature  of 
this  oil,  but  the  small  quantity  collected  rendered  the  attempt 
difficult.     The  oil  has  been  shown  to  be  an  imsaturated  hydrocarbon, 
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and  it  is  quite  possible  the  little-known  indene,  CJEig,  a  transition 
product  between  benzol  and  naphthalene  that  has  been  isolated  from 
the  tar  distillates  which  contain  most  naphthalene.  The  oil  has 
been  foimd  rather  abundantly  in  the  analyses  of  some  tar  distillates, 
as  would  be  expected  of  indene,  but  is  much  more  plentiful  in  some 
tars  than  in  others.  In  any  case,  however,  the  reporting  of  this  oil 
as  naphthalene  seemed  justifiable,  because  the  oil  would  be  found 
associated  with  naphthalene  and  would  separate  out  with  the  latter 
in  a  gas  plant  just  the  same  as  in  the  laboratory.  It  is  possible  that 
the  presence  of  this  oil  may  aid  in  preventing  solid  deposits  of  naph- 
thalene, and  its  occurrence  is  worthy  of  note. 

HYDBOOEN  SX7LPHIDE  IN  PUBIETED   QAS. 

The  hydrogen  sulphide  in  the  gas  leaving  the  ammonia  scrubber 
(j,  fig.  1)  was  determined,  in  the  later  tests,  by  bubbling  a  portion  of 
the  gas  slowly  through  ammoniacal  cadmium  chloride  and  then 
through  an  experimental  meter.  The  usual  lead-acetate  test  never 
disclosed  the  presence  of  hydrogen  sulphide  in  the  purified  gas. 

YIELD  OF  COEE. 

The  standard  test  charge  of  400  pounds  of  coal  was  usually  car- 
bonized in  four  and  one-half  hours,  but  in  case  a  longer  time  was 
needed,  carbonization  was  continued  till  the  evolution  of  gas  from 
the  charge  dropped  to  about  1  cubic  foot  per  minute.  The  coke 
was  drawn  by  the  stokers  into  a  special  buggy  placed  just  below  the 
mouthpiece  of  the  retort,  and  weighed  at  once  without  quenching. 
It  was  then  quenched,  allowed  to  stand  in  the  buggy  for  two  or 
three  days,  and  reweighed.  The  expectation  was  that  some  idea 
would  be  obtained  of  the  relative  quantities  of  water  retained  by 
the  cokes  from  the  various  coals.  Unfortunately,  the  cokes  had  to 
be  drowned  so  completely  to  prevent  their  catching  fire  that  they 
absorbed  excessive  quantities  of  water,  which  they  still  retained  at 
the  second  weighing,  so  that  the  moisture  figures  for  quenched  coke 
have  little  value.  The  wet  coke  was  screened  over  a  three-fourths- 
inch  bar  screen  in  the  same  manner  as  the  coal,  and  a  representative 
sample  was  sent  to  the  Pittsburgh  laboratory  for  analjrsis. 

The  analyses  reported  as  dry  coke  are  taken  to  represent  the 
coke  as  it  was  drawn  from  the  retort  before  quenching,  although  the 
analyses  of  coke  as  received  by  the  laboratory  do  not  necessarily 
correspond  to  the  quenched  coke,  because  of  an  unavoidable  loss  of 
moisture  during  sampling.  The  percentage  of  coke  substance  is 
figured  froln  the  analysis  and  represents  coke  free  from  ash  and 
moisture. 
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YIELD  AND  QUALITY  OF  QAS. 
COLLECTION   OF  SAMPLES. 

The  two  tanks  for  sampling  the  purified  gas  were  used  alternately 
and  were  changed  exactly  at  the  close  of  each  half  hour.  Error  due 
to  solubility  of  the  varying  gases  in  the  water  of  the  calorimeter  and 
photometer  meters  was  avoided,  so  far  as  was  possible,  by  allowing 
the  gas  to  flow  through  the  meters  for  15  minutes  to  saturate  the 
water  before  starting  the  test. 

CANDLEPOWBB. 

The  candlepower  of  each  half-hour  sample  was  determined  by 
means  of  a  Lummer-Brodhum  contrast  photometer  mounted  on  a 
2,600-mm.  bench.  This  photometer  was  equipped  with  a  Sugg  D 
burner  and  Hefner  amyl-acetate  lamp.  The  Sugg  D  burner  was 
chosen  from  among  the  many  photometric  burners  because  it  is  fre- 
quently used  and  does  not  require  the  complicated  adjustment  of 
the  new  Metropolitan  No.  2  burner,  which  would  probably  have  been 
adopted  but  for  the  need  of  rapid  work  and  the  widely  varying 
candlepower  of  the  gas.  The  burner  was  regulated  to  bum  about 
5  feet  per  hour,  although  its  rate  was  reduced  to  4  feet  for  the  high 
candlepower  samples  from  the  first  part  of  the  distillation  period. 

ANALYSIS. 

A  sample  of  gas  representing  each  half-hour  period  was  collected 
in  a  special  gas  holder  of  the  Hempel  type,  having  both  inlet  and 
outlet  sealed  with  water  columns  of  small  cross  section  and  closed 
with  rubber  tubing  with  screw  clamps.  If  the  water  previously  in 
the  holder  had  been  saturated  with  gas,  and  the  holder  had  been  so 
filled  with  gas  that  the  water  and  gas  were  in  contact  only  in  the 
narrow  tubes  at  the  top  and  bottom  of  the  holder,  a  sample  could  be 
kept  in  a  holder  for  several  days  in  perfect  safety. 

Gas  analyses  w^ere  made  on  the  half-hour  samples  by  means  of  the 
regular  Hempel  pipettes.  Water  saturated  with  illuminating  gas 
was  employed  as  a  containing  liquid  in  the  measuring  burettes. 
Bromine  water  was  used  as  an  absorbent  for  illuminants,  oxygen  was 
removed  by  phosphorus,  and  methane  and  hydrogen  were  determined 
by  the  explosion  method. 

The  lead-acetate  test  did  not  show  the  presence  of  liydrogen  sul- 
phide in  the  purified  gas. 

Only  the  sulphur  present  as  hydrogen  sulphide  in  the  unpurified 
gas  was  determined.  In  the  method  used  the  unpurified  gas  was 
passed  at  the  rate  of  about  0.2  foot  per  hour  through  an  ammoniacal 
solution  of  cadmium  chloride  contained  in  a  Meyer  absorption  bulb. 
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IffBASTTBElCBNT   OF  KBTOBT  TBHFEBATT7BES  ANB  PBJEBSSTTBES. 

In  tests  18  to  30,  temperatures  within  the  retort  were  taken  with  a 
Bristol  pyrometer  having  a  9-foot  fire  end.  The  junction  of  the 
couple  was  placed  on  the  surface  of  the  charge  4 J  feet  from  the  mouth- 
piece. In  tests  30  to  35,  a  Hoskins  heat  gage  was  used  in  a  similar 
manner.  In  tests  18  to  30,  the  temperatures  of  the  fire  space  outside 
the  retort  were  taken  with  a  platinum-rhodium  couple  inserted  into 
the  fire  space  at  1  (fig.  1),  with  its  junction  2  inches  from  the  retort. 
In  tests  30  to  35,  a  Hoskins  heat  gage  was  used  for  this  purpose.  The 
temperature  of  the  inner  surface  of  the  retort  walls  was  sometimes 
taken  before  charging  and  after  drawing  by  means  of  a  Morse  thermo- 
gage.  All  pyrometer  readings  were  corrected  by  frequent  calibration 
at  the  university  laboratory  against  a  standard  platinum,  platinum- 
rhodium  couple.  Temperatures  at  points  3,  4,  5,  6,  7,  8,  9,  and  10 
(fig.  1)  were  taken  with  thermometers  (Fahrenheit  scale)  calibrated 
in  a  water  bath  against  a  certified  (jerman  standard  thermometer. 

Pressures  at  d,  e,  li,  t,  and  Ar  are  expressed  in  tenths  of  an  inch  of 
water.  Notations  are  made  in  such  cases,  as  are  differential  pressure 
readings. 

WEIGHT  BAULNCB. 

The  weight  balance  of  the  distillation  process  is  the  sum  of  the  prod- 
ucts recovered  plus  the  loss  unaccounted  for.  The  weights  of  coke, 
gas,  tar,  and  ammoniacal  liquor  collected  are  added,  and  to  this  sum  is 
added  the  computed  weight  of  water  vapor,  which  should  condense 
in  the  gas  separator  when  the  gas  is  cooled  to  the  standard  tem- 
perature of  60®  F.  The  computation  is  readily  made  by  using  tables 
of  vapor  tension.  The  difference  between  the  sum  of  the  known  prod- 
ucts and  the  weight  of  the  original  charge  is  reported  as  '^Loss  unac- 
counted for." 

BASIS  OF  COMPUTATIONS. 

Because  this  report  presents  a  comparison  of  the  products  of  the 
destructive  distillation  of  coals  of  different  composition,  especial  care 
has  been  taken  to  set  forth  the  characteristics  of  the  products  as  fully 
as  possible.  Many  persons  consider  that  such  a  study  should  be 
based  on  the  unit  weight  of  coal  charged.  Others  prefer  to  base 
computations  on  the  unit  weight  of  dry  coal,  but  if  the  study  is  to  be 
made  in  a  scientific  way,  the  best  basis  is  the  unit  weight  of  coal  free 
from  moisture  and  ash. 

COINCIDENCE  OF  OBSERVATIONS. 

All  operations  during  a  test  were  performed  and  all  readings  were 
taken,  so  far  as  was  possible,  at  the  same  time  at  half-hour  intervals. 
It  was  feasible  to  collect  by  exact  intervals  the  samples  of  tar  and 
ammonia  liquor,  and  also  the  tank  samples  of  purified  gas  for  candle^ 
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power  and  heating  value  determinations  and  for  analysis.  The 
emptying  of  the  tanks  used  for  collecting  samples  for  ammonia  and 
the  naphthalene  determinations  sometimes  took  more  and  sometimes 
less  than  30  minutes,  but  as  the  observer  recorded  the  exact  times  at 
which  the  emptying  began  and  was  complete,  it  was  possible,  by 
reference  to  the  volume  of  gas  registered  by  the  station  meter  in  the 
interval,  to  recalculate  the  results  to  even  half-hour  periods  without 
any  error  other  than  that  involved  in  the  assumption  that  the  con- 
stituents being  tested  had  been  evolved  at  a  constant  rate  throughout 
a  given  half  hour.  This  assumption  might  have  caused  a  slight  error 
in  the  half-hour  figures,  but  could  not  have  affected  the  totals. 

PRESENTATION  OP  RESUIiTS. 

The  unportant  data  showing  the  progress  of  distillation  by  half- 
hour  intervals  for  each  coal  have  been  platted  in  Plate  IV  and  have 
been  brought  together  for  comparative  study  in  Tables  3  to  7.  In 
Plate  IV  there  is  given  under  each  test  the  temperatures  inside  and 
outside  of  the  retort,  the  candlepower  and  the  heating  value  of  the 
gas,  and  the  variations  in  the  percentages  of  the  important  constitu- 
ents— *'illuminants,'^  hydrogen,  and  methane.  The  percentages  of 
carbon  dioxide,  carbon  monoxide,  oxygen,  and  nitrogen  in  the  gas 
were  not  tabulated  nor  platted,  as  they  changed  little  during  the 
distillation. 

The  total  yields  of  tar  and  ammonia  Uquor  are  shown  on  the  chart 
by  half-hour  intervals,  as  are  also  the  yield  of  ammonia  (NH«)  and 
the  weight  of  naphthalene  vaporized  in  the  gas  and  dissolved  in  the 
tar  at  the  outlet  of  the  tar  separator.  This  weight  of  naphthalene 
was  chosen  for  presentation  because  the  naphthalene  that  gets  past 
the  tar  separator,  either  vaporized  or  dissolved,  causes  trouble,  as 
dissolved  naphthalene  is  set  free  by  the  ammonia  liquor  in  the 
scrubbers. 

VBRIPICATION  OP  DATA. 

OENEBAL  STATEICBNT. 

The  preceding  presentation  of  the  methods  of  making  tests  and 
computing  results  should  be  supplemented  by  a  discussion  of  the 
means  of  determining  the  accuracy  of  the  results  obtained. 

There  were  several  ways  in  which  the  accuracy  of  the  work  might 
have  been  checked.  One  method  used  was  to  take  a  standard  coal  that 
should  give  known  results.  In  order  to  check  the  operation  of  the 
experiment  station  plant  in  this  manner,  a  standard  Pittsburg  gas 
coal  was  procured  and  the  first  three  tests,  as  well  as  a  later  one, 
were  made  on  it.  The  results  are  discussed  in  their  appropriate 
places. 
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Another  means  used  for  checking  results  was  by  comparing  dupli- 
cate tests  of  the  same  coal.  An  exact  duplication  of  results  could 
hardly  be  expected  because  of  the  number  of  variable  factors  involyed, 
but  it  was  sometimes  possible  to  partly  explain  discrepancies  as  caused 
by  differing  conditions  that  had  been  noted  during  the  test. 

Valuable  evidence  of  accuracy  was  obtained  by  studying  the  data 
gathered  from  a  single  test  in  the  hght  of  the  knowledge  gained  from 
other  tests.  The  platted  curves  showing  the  rate  of  formation  of  gas, 
anunonia,  and  tar  should  show  a  relation  to  each  other  and  to  the 
retort  temperature,  and  the  curves  indicating  the  candlepower,  heat 
value,  and  chemical  composition  of  the  gas  should  show  some  con- 
cordance. 

A  conclusive  proof  of  inaccuracy  was  sometimes  given  by  the 
unaccounted-for  loss.  The  total  weight  of  the  products  should 
always  have  been  less  than  the  weight  of  the  coal  charged,  for  there 
was  always  a  loss  of  products  while  the  retort  was  open  for  charging. 
In  the  results  given  in  this  bulletin  some  losses  that  swelled  the 
unaccounted-for  totals  were  the  tar  that  stuck  in  the  standpipe,  of 
which  no  account  was  taken;  the  water  removed  from  the  gas  in  the 
tar  separator  or  carried  in  suspension  past  the  separator  (which  could 
not  be  estimated  in  the  small  plant  used),  and  the  weight  of  hydrogen 
sulphide  and  carbon  dioxide  removed  by  the  ammonia  Uquor  in  the 
scrubber  and  purifier.  The  average  total  of  such  imaccounted-for 
losses  in  the  tests  was  6.6  per  cent  of  the  coal  as  charged. 

Each  of  the  complete  tests  recorded  here  required  over  1,800  obser- 
vations, and,  as  was  to  be  expected,  there  may  be  foimd  in  the  platted 
results  of  almost  every  test,  points  so  far  from  their  expected  positions 
that  they  are  evidently  in  error.  Fortunately,  however,  determina- 
tions were  made  every  half  hour  or  oftener,  so  that  an  error  in  any 
one  determination  had  a  relatively  small  effect  upon  the  average 
result. 

It  is  beUeved  that  the  care  taken  in  the  calibration  of  pyrometers, 
thermometers,  gas-sampling  tanks,  and  meters  prevented  any  serious 
systematic  errors  in  measuring  temperatures,  or  in  determining  the 
quantity,  heating  value,  chemical  composition,  or  candlepower  of 
the  gas.  The  measuring  of  the  quantity  of  tar  and  anmioniacal 
liquor  from  any  given  test  is  believed  to  have  been  fairly  accurate, 
although  some  of  the  irregularities  in  the  quantity  of  tar  from  one 
half-hour  period  to  the  next  may  have  indicated  a  temporary  stop- 
page in  the  drips,  and  there  is  a  possibility  suggested  by  the  results 
from  coals  yielding  stiff  tars  that  heavy  tar  collected  in  the  pipes 
during  the  latter  part  of  the  preliminary  run  and  was  washed 
out  by  lighter  tar  during  the  first  part  of  the  regular  test,  thus  unduly 
increasing  the  tar  in  these  samples. 
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AMMONIA. 

There  was  some  uncertainty  concerning  the  yield  of  ammonia, 
because  it  had  to  be  determined,  as  already  explained,  by  sampling 
the  gas  at  the  inlet  of  the  tar  separator.  The  results  from  the  sepa- 
rate tests  should  certainly  be  comparable  with  one  another,  and  the 
results  on  the  standard  Pittsburg  coal,  though  better  than  those 
usual  in  practice,  were  not  high  enough  to  throw  serious  doubt  on  their 
reliability,  since  the  care  taken  to  have  the  retort  in  good  condition 
and  to  keep  the  exhauster  working  properly  warranted  higher  than 
average  returns  of  ammonia  and  of  all  other  products  of  distillation. 

The  theoretical  yield  of  ammonia  was  calculated  from  the  ultimate 
analysis  of  the  coal  on  the  assumption  that  all  of  the  nitrogen  found 
might  theoretically  be  converted  into  NHj.  Fourteen  parts  by 
weight  of  N  form  17  of  NHg,  and  on  this  basis  the  Alabama  coal. 
No.  8,  with  1.24  per  cent  nitrogen  in  the  dry  coal,  should  yield  theo- 
reticaUy  1.51  per  cent  ammonia,  or  30.1  pounds  NH,  per  ton.  The 
actual  yield  of  ammonia  was  only  4.15  pounds  NH,  per  ton,  or  13.8 
per  cent  of  the  theoretical. 

NAPHTHALENE. 

No  great  accuracy  is  claimed  for  the  naphthalene  figures  on  account 
of  the  large  correction  factors  involved  in  the  tedious  process  of 
analysis.  The  results  should  be  comparable  with  one  another,  but 
an  absolute  error  of  10  per  cent  is  entirely  probable. 

QUANTmr   AND  QUALITY  OF  GAS. 

The  weight  of  gas  was  computed  by  multiplying  the  corrected 
volume  of  gas  by  its  weight  per  cubic  foot.  The  latter  figure  was 
calculated  from  the  percentage  composition  of  the  gas  and  the  known 
weights  of  the  constituents — carbon  dioxide,  hydrogen,  etc.  For 
this  purpose  the  "illuminants"  were  assumed  to  be  ethylene,  an 
assumption  not  strictly  accurate  but  involving  only  a  slight  error. 
In  published  tables  the  weights  usually  given  of  the  various  gases  are 
those  calculated  for  a  temperature  of  0®  C.  These  values  were 
recalculated  to  the  standard  conditions — gas  saturated  with  moisture 
at  a  temperature  of  60**  F.  and  a  barometric  pressure  of  30  inches. 

The  values  obtained  are  as  follows: 

Table  2. — Weight  per  cubic  foot  of  various  gases  saturated  vnth  Tnoisture  at  60^  F.  and 

SO  inches  barometric  pressure. 

Pounds. 

Carbon  dioxide 0. 1140 

Carbon  monoxide 0726 

Ethylene 0726 

Hydrogen 0052 

Methane 0415 

Nitrogen 0728 

Oxygen 0830 
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The  average  heat  value,  candlepower,  and  chemical  composition 
of  the  gas,  as  calculated  from  the  figures  for  the  nine  half  hours  of  the 
test,  were  computed  by  reference  to  the  volume  of  gas  made  during 
each  period.  Thus,  if  in  one  half  hour  the  yield  of  gas  was  250  cubic 
feet  and  its  heating  value  was  650  British  thermal  units,  the  product 
of  650  by  250  was  taken  as  the  number  of  heat  units  produced  during 
the  period  and  was  added  to  the  figures  similarly  obtained  for  the 
other  periods.  The  total  number  of  heat  units  thus  obtained  divided 
by  the  total  output  of  gas  gave  the  average  heating  value. 

This  method  gave  correct  averages  of  heating  value  and  chemical 
composition.  The  average  candlepower  obtained  in  this  way,  how- 
ever, was  only  approximate,  since  the  candlepower  of  a  gas  is  a 
function  of  two  entirely  distinct  variables — temperature  and  the 
amount  of  free  carbon  liberated  in  the  flame — and  hence  the  candle- 
power  of  a  mixture  of  gases  will  not  usually  be  the  arithmetic  mean 
of  the  candlepower  of  the  component  gases. 

COAL  AND  COKE. 

It  would  seem  that  the  data  on  coal  and  coke  should  be  the  least 
liable  to  error,  and  yet,  partly  because  of  the  lack  of  sensitiveness 
in  the  scales  used,  partly  because  of  the  loss  in  charging  and  drawing 
or  the  possible  addition  of  carbon  knocked  off  the  roof  of  the 
retorti  and  possibly  because  of  carelessness  in  weighing  (the  sim- 
plicity of  the  operation  causing  too  much  reliance  to  be  placed 
on  a  single  reading),  the  internal  evidence  indicates  that  the  largest 
single  errors  were  those  in  the  weights  of  the  coal  and  coke.  The 
most  exasperating  illustration  of  this  fact  is  found  in  test  25  on  West 
Virginia  coal,  where  the  sum  of  the  products  is  101.7  per  cent  of  the 
weight  of  the  coal.  An  error  so  large  could  hardly  have  come  from 
any  other  source  than  incorrect  weighing. 

Another  error  in  some  of  the  tests  is  revealed  by  comparing  the 
percentages  of  ash  in  the  coal  and  coke.  If  all  the  experimental 
tests  had  been  correctly  made  the  calculated  per  cent  of  ash  in  the 
coke  would  be  the  same  as  the  percentage  obtained,  which  was  not 
the  case  in  all  the  tests.  The  coke  sample  taken  was  carefully 
crushed  and  quartered  for  analysis,  but  a  similar  procedure  was  not 
followed  in  sampling  the  coal  because  it  was  not  desirable  to  change 
the  proportion  of  coarse  and  fine  coal  in  the  sample  as  it  left  the 
screen.  The  weight  to  be  sampled  for  each  charge  was  so  small  and 
the  size  of  the  material  so  uneven  that  the  coal  sampling  could  not 
be  accurate.  The  greatest  discrepancy  in  the  analyses  was,  of  course, 
in  the  ash.  In  the  same  way  the  few  sacks  of  coal  used  for  one  test 
mav  have  had  a  composition  materiallv  different  from  that  of  the 
coal  used  in  a  duplicate  test   and  from  that  of  the  mine  sample. 
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Attention  is  called  to  marked  discrepancies  of  this  sort  in  the  notes 
on  the  individual  tests. 

The  probable  reliability  of  each  test  is  discussed  in  the  description 
of  the  test. 

DETAIIiS  OF  TESTS. 

Eighteen  tests  on  11  different  coals  from  10  States  are  here  reported. 
For  convenience  of  reference  the  tabulated  results  are  arranged  in 
alphabetical  order  by  States,  except  that  the  tests  on  the  standard 
Pittsburg  coal  are  discussed  first  because  of  their  value  as  an  index 
of  the  reliability  of  the  whole  series.  The  data  concerning  the  analyses 
and  chemical  composition  of  all  the  coals  and  cokes  are  given  in  Tables 
3  and  4.  The  condensed  data  of  the  products  of  distillation  for  all 
the  tests  are  given  in  Tables  6,  6,  and  7.  The  course  of  each  test 
as  indicated  by  the  retort  temperature,  rate  of  gas  production,  etc., 
at  half-hour  intervals,  is  shown  graphically  in  Plate  IV. 

The  individual  tests  are  discussed  in  the  order  shown  by  the  fol- 
lowing table: 

Order  in  whidi  UsU  are  diseusKd. 


State. 


PenosylTania. 

Alabama. 

Colorado 

Do 

niinois 

Kentucky 

Michigan 

New  Mexioo. . 

Tennessee 

West  Virginia 
Wyoming 


Place. 


Soott  Haven 

Blocton 

Oak  Creek. . 

Sopris 

Harrisburg.. 

Helllcr 

Saginaw 

Van  Houten 
LaFoUette.. 

Page 

Hanna 


Coal  bed. 


Field  No. 


Pittsburg 

Thompson-Underwood 

Yampa 

Sopris 

No.6 

Upper  EUrhocn 

Saii^naw 

Raton 

Rex 

Kanawha  No.  2 

Lower 


A.  A.  1 
A.  A.  8 
A.  A.  4 
A.  A.  6 
A.  A.  12 
A.  A.  8 
A.  A.  Q 
A.  A.  2 
A.  A.  10 
A.  A.  6 
A.  A.   7 


TestNa 


18,19,20,32 
33 
2« 
2B 
86 

21,80 
34 

22,28 
81 

25.27 

28, 2» 


COAL  A.  A.  1,  FBOM  PITTSBTmO  BED,  SCOTT  HAVEN,  PA. 

The  mine  selected  to  furnish  the  Pittsburg  coal  used  as  a  stand- 
ard in  the  tests  was  the  Ocean  No.  2  mine,  working  the  Pittsburg  bed 
at  Scott  Haven,  Allegheny  County,  Pa.,  adjacent  to  the  Pittsburg 
&  Lake  Erie  Railroad.  Mine  samples  were  collected  and  a  car  was 
loaded  with  screened  coal  (f-inch  bar  screen)  under  the  supervision 
of  G.  S.  Pope  of  the  United  States  Geological  Survey.  The  car  was 
sampled  on  its  arrival  in  Ann  Arbor  and  about  2  tons  were  stored  in 
a  bin  for  the  tests.  The  analyses  of  the  coal  and  the  results  of  the 
four  tests  made  are  given  in  Tables  3  to  7  (pp.  41  to  46)  and  in 
Table  8  (pp.  47  to  60). 

The  first  three  tests  (18, 19,  and  20)  were  made  on  this  coal  as  prac- 
tice tests,  and  later  another  test  (32)  was  made  to  confirm  the  earlier 
work.  None  of  these  tests  was  complete,  and  blanks  in  the  tables 
indicate  that  some  of  the  samples  were  lost  or  that  there  was  an 
obvious  error  in  a  test.  No  results  were  rejected  merely  because  they 
did  not  harmonize  with  the  others. 
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The  coal  used  in  the  first  three  of  these  tests  was  not  screened  at 
the  experiment  station,  but  upon  reaching  a  decision  to  screen  all 
coals  the  coal  in  the  last  test  (32)  was  screened.  Tables  1  and  2 
show  that  although  17.4  per  cent  of  the  coal  was  rejected  in  screening; 
the  composition  of  the  screened  coal  did  not  differ  much  from  that  of 
the  unscreened.  An  average  of  all  the  results  obtained  is  given  in 
the  following  table: 

Average  resuUa  of  tests  of  Pittsburg  coal. 

Coke,  per  cent  of  coal  charged 67. 07 

Gas  per  pound  of  coal  changed  (cubic  feet) 5. 04 

Gandlepower,  approximate  average 15. 50 

Candle-feet  per  pound  of  coal 79. 50 

Heating  value  per  cubic  foot  (B.  t.  u.) 641. 00 

Heating  value  per  pound  of  coal  (B.  t.  u.) 3. 280. 00 

Gaa  analysis  (per  cent): 

Carbon  dioxide 1. 30 

Illuminants 3. 70 

Oxygen .80 

Carbon  monoxide 6. 50 

Methane 34. 40 

Hydrogen 48. 20 

Nitrogen 5. 00 

Ammonia  (NH,)  per  ton  of  coal  changed  (pounds) 5. 43 

Tar  per  ton  of  coal  charged  (pounds) 155. 80 

The  average  results  obtained  in  regular  practice  at  the  works  of 
the  Ann  Arbor  Gas  Co.  with  a  coal  from  the  same  general  district 
were:  Coke,  67.8  per  cent  (of  which  8.6  per  cent  was  breeze);  gas, 
4.95  cubic- feet  per  pound;  candlepower  of  gas,  16.9;  heating  value 
of  gas,  617  British  thermal  units  per  cubic  foot. 

The  tests  can  be  compared  best  with  the  aid  of  the  curves  platted 
in  Plate  IV.  By  starting  at  the  top  of  the  sheet  and  reading  down, 
it  will  be  seen  that  the  external  retort  temperatures  varied  little 
during  a  test,  but  that  the  interior  retort  temperatures  varied  a 
great  deal.  The  low  starting  temperature  of  the  first  test  (18)  is 
known  to  have  been  caused  by  the  pyrometer  being  bedded  in  the 
coal  instead  of  lying  on  its  surface.  The  curves  show  plainly  the 
effect  of  retort  temperatures  on  gas  production.  The  high  retort 
temperatures  of  tests  18  and  20  caused  a  rapid  but  quickly  decreas- 
ing evolution  of  gas.  The  lower  retort  temperatures  drove  the  gas 
off  more  slowly  and  evenly,  but  of  course  the  carbonization  period  had 
to  be  longer.  During  test  19  the  retort  was  badly  coated  with  car- 
bon, which  was  removed  before  test  20  was  run.  The  sluggish  evo- 
lution of  gas  in  test  19  may  be  partly  due  to  this  coating.  The  coke 
drawn  was  good  in  all  four  trials,  and  the  two  screening  tests  made 
showed  only  5  per  cent  and  7  per  cent  breeze. 
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The  candlepower  of  the  gas  was  fairly  uniform,  the  gas  tenaciously 
maintaining  its  candlepower  during  the  middle  portion  of  the  run  in 
spite  of  falling  heat  values,  a  characteristic  of  this  Pittsburg  coal 
which  may  partly  account  for  the  fame  it  has  won  as  a  gas  coal.  In 
Plate  IV  the  curves  of  candlepower  in  the  three  tests  averaged  lie 
near  each  other,  but  there  is  an  apparent  discrepancy  in  test  20, 
where  the  highest  candlepower  (16)  is  found  with  the  highest  retort 
temperatures,  and  accompanies  the  highest  yield  of  gas  (5.27  cubic 
feet)  with  the  lowest  heating  value  (611  B.  t.  u.).  The  high  yield 
and  low  heating  value  of  the  gas  would  be  expected  from  the  high 
retort  temperature,  but  the  high,  candlepower  seems  to  be  an  error, 
since  it  is  not  in  accord  with  the  heating  value  or  with  the  chemical 
composition  of  the  gas.  The  curves  showing  the  heat  value  and  the 
chemical  composition  of  the  gas  call  for  little  comment.  The 
decrease  of  the  unsaturated  hydrocarbons  reported  as  illuminants, 
the  decrease  in  the  methane,  and  the  increase  of  the  hydrogen  as  the 
test  progresses  characterize  the  gas  from  all  the  coals  tested. 

The  tar  figures  for  tests  18  and  19  agree  fairly  well.  The  results 
for  test  20  were  unfortunately  not  taken,  the  tars  being  thrown  out 
before  weighing.  The  figures  for  test  19  were  spoiled  by  the  outlet 
of  the  tar  separator  clogging.  The  weight  of  tar  collected  from  the 
condenser  was  normal  (66  pounds  per  ton  of  coal  as  compared  with 
68  pounds,  the  average  of  the  other  two  tests),  but  the  tar  drawn 
from  the  separator  weighed  only  35  pounds  as  compared  with  111 
pounds,  the  average  of  the  other  two  tests. 

The  course  of  ammonia  formation,  as  shown  by  the  curves,  was 
fairly  regular.  The  curve  for  test  32  is  incomplete  because  a  stoppage 
of  the  aspirator  tank  outlet  in  the  latter  part  of  the  test  made  the 
emptying  of  the  tank  so  slow  that  determinations  calculated  to  half- 
hour  intervals  would  be  misleading,  although  the  figures  for  total 
anunonia  were  unaflFected.  In  test  20  the  effect  of  high  retort  tem- 
perature in  cutting  down  the  yield  of  ammonia  at  the  end  of  the  run 
is  noticeable. 

The  naphthalene  data  are  complete  for  test  32  only,  and  show  a 
total  yield  of  8.1  pounds  of  naphthalene  per  ton  of  coal,  a  yield  higher 
than  that  from  any  other  coal  except  the  West  Virginia  (11.4  pounds) 
and  the  Alabama  (10.7  pounds).  As  with  all  the  coals,  a  large  per- 
centage of  the  naphthalene  was  dissolved  in  the  tar.  Close  attention 
was  paid  to  the  small  quantity  of  naphthalene  which  escaped  solution 
in  the  tar,  since  it  is  this  undissolved  naphthalene  which  may  cause 
trouble.  In  the  test  with  this  coal  the  quantity  of  naphthalene  left 
as  vapor  would  have  sufficed  to  saturate  the  gas  at  an  average  tem- 
perature of  63""  F. 

The  weight  balance  for  these  tests  is  given  in  Table  8  (p.  48)  and  is 
reproduced  here  reduced  to  a  percentage  basis. 
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Seat  balance  of  teste  of  coal  A.  A,  J. 
[Peroentages  on  wel^t  of  coal  charged.] 
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Testis. 

Test  19. 

Test  20. 

Test  32. 

Coke 

Percent. 

67.1 

14.7 

&1 

Percent. 

67.5 

16.3 

05.2 

3.4 

7.6 

Percent. 
64.7 
15.4 

Percent. 
6&5 

Ofls 

14.7 

Tar 

9.9 

Ainnionta  Ifouor ,...,_.,.-.-,,  ^ ,-,.,.,--.,,-,-,- , ,  ^ 

.     3.6 

3.8 

ITuaccounted  for r , . , , , . ,,,.,,,,.-, , 

3.1 

Total 

100.0 

100.0 

a  Low,  as  previoiisly  stated. 

If  it  had  not  been  for  the  stopping  of  the  outlet  of  the  tar  separator 
in  test  20,  which  made  the  tar  low  and  the  unaccounted-for  loss  high 
on  that  test,  the  figures  would  be  in  fair  agreement,  with  the  unac- 
counted-for loss  between  3  and  4  per  cent. 

GOAL  A.  A.  8,  FBOM  BLOOTON,  ALA. 

The  sample  consisted  of  60  sacks  of  coal  from  the  Blocton  No.  7 
mine,  working  the  Thompson-Underwood  bed  at  Blocton,  Bibb 
County,  Ala.  The  coal  was  shipped  under  the  direction  of  P.  M. 
Riefkin.  Tables  3  to  8  summarize  the  particulars  regarding  this  coal 
and  the  one  test  (33)  made  on  it. 

The  coal  as  received  was  dusty,  but  showed  no  pyrite  nor  slate. 
The  high  percentage  of  coal  passing  through  the  |-inch  bar  screen 
(23.4  per  cent)  may  have  resulted  from  frequent  handling  of  the  sacks 
in  transit.  Screening  improved  the  quality  of  the  coal,  the  ash  con- 
tent of  the  refuse  being  14.50  per  cent,  though  that  of  the  screened 
coal  was  only  4.29  per  cent.  The  percentages  of  moisture,  ash,  and 
sulphur  were  low,  and  the  volatile  matter  was  less  than  in  most  of 
the  coals  tested,  being  only  29.1  per  cent  in  the  coal  as  charged. 

The  regular  charge,  400  pounds,  of  screened  coal  was  put  into  the 
retort,  which  had  an  external  temperature  about  the  average  of  the 
tests.  The  internal  temperature  remained  low,  however,  and  gas 
came  off  slowly,  the  rate  not  reaching  a  maximum  till  the  fifth  half 
hour.  At  the  end  of  the  ninth  half  hour  distillation  was  practically 
complete.  The  coke  was  reported  as  not  having  a  good  appear- 
ance and  showing  some  slate;  but  the  percentage  of  breeze  was 
only  12.5  per  cent,  and  the  total  yield  and  the  ash  content  were 
about  the  same  as  for  the  Pittsburg  coal.  The  yield  of  gas  (5. 18  cubic 
feet  per  pound)  was  good;  the  initial  candlepower  (21.8)  and  heating 
value  (612  B.  t.  u.)  were  satisfactory,  but  the  quaUty  fell  off  so  rap- 
idly that  the  average  candlepower  (14)  and  heating  value  (598  B.  t.  u.) 
were  rather  low.  These  averages  give  by  calculation  72.5  candle-feet 
per  pound  of  coal  and  3,100  British  thermal  units  in  the  gas  per 
pound  of  coal.  Both  values  are  distinctly  lower  than  those  from  the 
Pittsburg  coal. 
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The  runs  of  tar  and  ammonia  liquor  were  regular.  The  total  yield 
of  anmionia  (NH,)  was  low,  only  4.03  pounds  per  ton  of  coal,  scarcely 
any  being  evolved  during  the  last  three  half  hours.  The  poor  return 
was  due  in  part  to  the  low  nitrogen  content  (1.24  per  cent)  of  the  dry 
coal.  The  percentage  recovered  was  also  low,  being  13.8  per  cent  of  the 
theoretical  as  compared  with  an  average  recovery  for  all  the  coals  tested 
of  16.8  per  cent.  The  total  production  of  naphthalene  was  high,  but 
the  tar  was  evidently  able  to  absorb  it,  so  that  the  saturation  temper- 
ature of  the  gas  leaving  the  tar  separator  was  only  57°  F.  The 
weight  balance  with  its  unaccounted-for  loss  of  1.7  per  cent  is  too  low, 
but  the  test  is  beheved  to  be  reUable.  The  coiJ  deserves  further 
investigation. 

GOAL  A.  A.  4,  FBOM  OAK  OBBEK,  OOLO. 

The  sample  consisted  of  59  bags  of  run-of-mine  coal  from  the  Yampa 
bed  of  the  Oak  Hill  mine,  on  the  Denver,  Northwestern  &  Pacific 
Railroad,  at  Oak  Creek,  Routt  County,  Colo.  K.  M.  Way,  of  the 
United  States  Geological  Survey,  collected  the  mine  samples  and 
supervised  the  loading  of  the  coal  tested.  The  composition  of  the 
coal  and  the  results  of  test  24  are  given  in  Tables  3  to  8. 

The  coal  had  a  dull  luster,  was  clean,  and  showed  very  little  slate 
and  no  pyrite.  Rough  handling  in  transit  may  partly  account  for 
39.5  per  cent  of  the  coal  passing  the  f-inch  bar  screen.  Evidently, 
however,  the  ash  content  was  not  uniform,  for  although  the  two  mine 
samples  showed  only  8.3jper  cent  and  9.2  per  cent  ash  in  the  dry  coal, 
the  sample  from  the  sacks  contained  15.67  per  cent  ash  and  the  cor- 
rectness of  the  determination  is  checked  by  the  25.65  per  cent  ash  in 
the  dry  coke.  A  test  for  coke  only  (24  A)  gave  a  coke  with  only  12.77 
per  cent  ash,  or  as  low  as  was  to  be  expected  from  the  mine  sample. 

The  coal  is  notable  for  the  high  percentage  of  moisture  it  holds 
tenaciously.  Even  after  air  drying  it  held  4.59  per  cent,  and  as 
charged  it  contained  7.17  per  cent.  The  volatile  matter  in  the 
screened  coal,  air  dried,  was  34.8  per  cent;  though  high,  it  does  not 
adequately  show  the  difference  between  this  and  the  Pittsburg  coal. 
The  ultimate  analysis,  with  an  oxygen  to  hydrogen  ratio  of  2.67  for 
this  coal  against  a  ratio  of  1.28  for  the  Pittsburg  coal,  shows  the  differ- 
ence better. 

The  400-pound  sample  was  placed  in  a  hot  retort,  but  vaporization 
of  the  moisture  in  the  coal  kept  down  the  retort  temperature  during 
the  early  part  of  the  distillation  period.  The  yield  of  gas  was  low 
at  first,  but  increased  as  the  temperature  rose,  reaching  its  maximum 
in  the  sixth  half  hour  and  then  falling  off  rapidly.  The  yield  was 
fair,  being  4.81  cubic  feet  per  pound  of  coal  as  charged  and  5.2  cubic 
feet  per  pound  of  dry  coal.  The  gas  of  the  first  half  hour  period 
was  accidentally  contaminated  with  air  in  the  sampling  tank,  so 


DETAILS  OF  TESTS.  33 

that  the  platted  results  of  the  candlepower  and  heat-value  tests 
for  that  period  are  not  reliable.  The  candlepower  for  the  second 
half  hour  was  21.7^  and  the  gross  heat  value  802  British  thermal 
units.  The  calculated  average  candlepower  and  heating  value, 
figures  for  the  lost  sample  being  inter polated,  are  14  candlepower 
and  626  British  thermal  units.  A  probable  explanation  of  the  low 
candlepower  and  heating  value  of  the  gas  is  that  the  coal,  calculated 
to  an  ash  and  moisture-free  basis,  contains  13.7  per  cent  oxygen, 
and  Pittsburg  coal  contains  only  7.18  per  cent.  This  high  oxygen 
content  must  cut  down  the  percentage  of  hydrocarbons  in  the  gas  and 
increase  the  proportion  of  the  less  valuable  oxygen  compounds. 

The  yield  of  coke,  calculated  to  a  dry  coal  basis,  was  rather  low, 
a  result  of  the  high  percentage  of  volatile  matter  and  the  proportion 
of  oxygen  in  the  coal.  The  excessive  proportion  of  breeze  probably 
resulted  from  the  great  shrinkage  in  coking  caused  by  the  above 
factors. 

The  yield  of  ammoniacal  liquor  during  the  first  three  half-hour 
periods  was  very  heavy,  but  after  that  fell  oflf  rapidly.  The  total 
yield  of  ammonia  (NH,)  was  large,  7.6  pounds  per  ton  of  coal  as 
charged.  In  explanation  it  should  be  stated  that  the  coal  contained 
1.59  per  cent  of  nitrogen,  calculated  to  a  dry-coal  basis,  or  25  per  cent 
more  than  the  sample  of  Pittsburg  coal  tested.  The  nitrogen  content 
partly  accounts  for  the  high  yield  of  ammonia,  but  the  proportion  of 
the  total  nitrogen  converted  into  ammonia  (22.6  per  cent)  was  higher 
than  in  any  other  test.  Low  temperature  within  the  retort  from 
the  vaporization  of  the  moisture  in  the  coal  probably  caused  this 
high  recovery,  as  the  yield  of  ammonia  scarcely  began  to  decUne 
until  after  the  seventh  half  hour,  when  the  temperature  in  the  retort 
was  sUghtly  above  1,600''  F. 

The  weight  balance  shows  an  average  unaccounted-for  loss  of  5 
per  cent,  and  the  test  appears  reliable.  Apparently  this  coal  can 
not  be  classified  as  a  good  gas  coal. 

COAL  A.  A.  6,  FBOM  SOPBIS,  OOLO. 

The  sample  consisted  of  58  sacks  of  run-of-mine  coal  from  the 
Sopris  bed,  at  Sopris,  on  the  Colorado  &  Southern  Railroad,  Las 
Animas  County,  Colo.  The  sacks  were  filled  from  cars  in  the  rail- 
road yards.  K.  M.  Way  Inspected  the  mine  and  shipped  the  samples. 
The  composition  of  the  coal  and  the  data  of  the  one  test  (26)  made 
on  it  are  given  in  Tables  3  to  8. 

The  coal  as  received  looked  clean,  and  contained  little  slate  and 
no  pyrite.  It  had  stood  shipment  well  and  the  proportion  that 
passed  through  the  }-inch  bar  screen  was  only  13.8  per  cent.  The 
analysis  of  the  coal  as  charged  shows  18.1  per  cent  ash,  but  the  sample 
probably  was  not  representative  since  the  coke  contained  only  20.66 
99789**— Bull.  C-4X 3 
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per  cent  ash  and  the  mine  samples  only  10.9  and  12.4  per  cent  ash; 
respectively.  Even  if  allowance  is  made  for  the  high  ash,  the  content 
of  volatile  matter  is  extremely  low,  being  only  29.8  per  cent  for  coal 
ash  and  moisture  free,  whereas  the  Pittsburg  coal  shows  over  36 
per  cent  on  the  same  basis. 

The  charge,  410  pounds  of  screened  coal  was  put  in  an  extremely 
hot  retort,  the  hottest  used  in  the  tests.  Gas  production  soon  reached 
a  maximum,  and  fell  rapidly  after  the  sixth  half  hour,  so  that  the 
yield  in  the  last  two  half  hours  was  extremely  small.  The  yield  of 
coke  was  laj^,  (75  per  cent  of  the  weight  of  the  coal  as  cbaj^d), 
a  natural  result  of  the  small  percentage  of  volatile  matter  in  the  coal. 

The  coke  was  good;  ooly  10  per  cent  being  breeze.  The  yield  of 
gas  was  4.9  cubic  feet  per  pound  of  coal,  but  the  gas  averaged  only 
12  candlepower  and  614  British  thermal  units  per  cubic  foot;  hence 
the  calculated  candle-feet  were  only  58.8  per  pound  of  coal,  though 
the  heating  value  was  better,  3,008  British  thermal  units  per  pound 
of  coal. 

The  ammonia  Uquor  was  about  normal  in  quantity.  The  yield  of 
ammonia  was  low^  only  4.35  pounds  per  ton  of  coal  charged,  since 
the  coal  is  poor  in  nitrogen.  The  run  of  tar  declined  rapidly  after 
the  third  half  hour  and  the  total  quantity  was  small.  No  naphtha- 
lene tests  were  made.  The  weight  balance  shows  an  unaccounted- 
for  loss  of  1.2  per  cent. 

This  test  is  apparently  reliable.  A  laj^e  yield  of  gas  can  hardly 
be  expected  from  a  coal  so  low  in  volatile  matter  as  this  one;  on 
the  other  hand,  the  average  candlepower  and  heat  value  of  the  gas 
would  probably  have  been  higher  had  the  retort  been  cooler. 

COAL  A.  A.  12,  FBOM  HABBISBTTBG,  ILL. 

This  coal  was  collected  by  P.  M.  Riefkin,  from  the  No.  4  mine,  at 
Harrisbuig,  Saline  County,  111.,  on  the  Big  Four  Railroad.  The  ship- 
ment consisted  of  60  sacks  of  coal  screened  over  a  }-inch  bar  screen. 
Analyses  of  the  coal  and  the  results  of  test  35  are  given  in  Tables  3 
to  8.  Detailed  statements  of  observations  made  and  data  computed 
are  given  on  pages  51  to  75. 

The  coal  as  received  looked  dusty,  but  no  slate  or  pyrites  were 
noted.  It  tended  to  break  in  finger  form,  and  on  rescreening  (f-inch 
bar  screen)  27.9  per  cent  of  it  passed  through.  The  proportion  of 
volatile  matter  was  greater  than  in  any  other  coal  tested — 34.4  per 
cent  in  the  coal  as  charged,  and  39.1  per  cent  in  coal  diy  and  free 
from  ash.  The  sulphur  was  also  high,  1.96  per  cent  in  the  coal  as 
charged.  The  coal  contained  more  oxygen  and  slightly  more  nitrogen 
than  the  Pittsbuig  coal. 

The  400  poimds  of  screened  coal  were  put  into  a  retort,  having 
the  lowest  temperature  of  any  used  in  the  tests  and  rather  thickt^ 
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coated  with  carbon  on  the  crown.  Because  of  these  conditions;  the 
evolution  of  gas  did  not  reach  a  maximum  untU  the  fifth  half  hour; 
it  was  practically  complete  at  the  end  of  the  ninth  half  hour.  The 
coke  was  dark  and  easily  broken  but  gave  only  6.7  per  cent  breeze. 
The  yield  of  gas  was  low — 4.3  cubic  feet  per  poimd  of  coal.  The 
average  candlepower  was  15.2,  and  the  candle  feet  were  65.3.  It  is 
possible  that  had  the  retort  temperature  been  high  the  yield  of  gas 
would  have  been  greater,  but  it  is  also  probable  that  the  candle- 
power  of  the  gas  would  have  been  less.  The  heating  value  of  the 
gas,  632  British  thermal  units  per  cubic  foot,  was  fair;  the  value  per 
pound  of  coal,  2,718  British  thermal  units,  was  low. 

The  quantity  of  ammoniacal  Uquor  was  laige,  partly  because  the 
percentage  of  moisture  and  combined  oxygen  in  the  coal  were  both 
somewhat  above  the  average.  It  is  probable  also  that  the  low  retort 
temperature  prevented  the  free  formation  of  carbon  monoxide  and 
hydrogen.  The  anmionia  yield  was  large,  the  percentage  of  nitrogen 
in  the  coal  being  somewhat  above  the  average;  the  recoveiy  was  19 
per  cent  of  the  theoretical  as  against  an  average  recovery  of  17  per 
cent  for  all  tests.  The  naphthalene  yield  was  extremely  small,  per- 
haps because  of  the  low  retort  temperature.  The  content  of  hydrogen 
sulphide  in  the  gas  at  the  outlet  of  the  scrubber  was  50  per  cent  more 
than  in  the  gas  from  the  Pittsbuig  coal,  but  was  not  so  high  as  from 
some  other  coals  containing  much  less  sulphur.  The  weight  balance 
shows  an  unaccounted-for  loss  of  8.8  per  cent,  slightly  the  largest  of 
the  series. 

The  test  is  apparently  reliable.  The  coal  should  be  tested  again  at 
a  higher  temperature. 

COAL  A.  A.  3,  FBOM  HELUEB,  EY. 

The  sample  consisted  of  about  2  tons  taken  from  a  carload  of  run- 
of-mine  coal  shipped  from  the  Upper  Elkhom  bed  at  Hellier,  Pike 
County,  Ky.,  on  the  Chesapeake  &  Ohio  Railroad.  The  mine  samples 
were  collected  by  G.  S.  Pope,  who  also  saw  to  the  shipment  of  the 
coal.  The  composition  of  the  coal  and  the  results  of  tests  21  and  30 
are  given  in  Tables  3  to  8. 

The  coal  as  received  contained  some  slate  and  a  large  proportion 
of  small-sized  material.  With  a  ^inch  bar  screen  the  screenings  came 
to  30.8  per  cent,  and  with  the  regular  f-inch  bar  screen  to  48.5  per 
cent.  The  analysis  does  not  differ  much  from  that  of  the  standard 
Pittsburg  coal,  although  the  percentage  of  oxygen  is  higher. 

In  test  21  a  light  chaise,  360  pounds,  was  placed  in  a  rather  hot 
retort  on  the  advice  of  the  gas-works  foreman  who  had  tried  some 
coal  from  the  carload  and  had  found  that  the  volatile  matter  did  not 
bum  off' readily.    The  effect  of  this  light  charge  is  shown  in  the 
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platted  curve  of  gas  yield  (PI.  IV) ,  which  drops  decidedly  after  the 
first  half  hour. 

In  test  30  when  a  regular  charge,  400  pounds,  was  used,  the  curve 
of  gas  yield  is  more  like  those  platted  from  the  tests  of  other  coals. 
The  coke  was  69.4  per  cent  of  the  weight  of  the  light  charge,  and  64.5 
per  cent  of  the  heavier  chaige.  The  difference,  though  rather  large, 
is  in  the  logical  direction.  The  coke  was  of  good  quality,  only  9  per 
cent  being  classified  as  breeze. 

The  yield  of  gas  in  the  first  test  was  4.81  cubic  feet  per  pound  of 
coal.  The  average  candlepower  was  14.5  and  the  average  heating 
value  650  British  thermal  units.  In  the  second  test  the  yield  was  5 
cubic  feet  per  pound  of  coal,  the  average  candlepower  was  14.1,  and 
the  heating  value  was  622  British  thermal  units  per  cubic  foot.  The 
figures  for  candle-feet  per  pound  of  coal  (69.7  and  70.5)  agree  well, 
as  do  those  for  the  heating  value  of  the  gas  per  pound  of  coal  (3,126 
and  3,110  B.  t.  u.). 

The  quantities  of  ammonia  liquor  in  the  two  tests  were  about  the 
same  but  the  runs  of  tar  differed,  the  laiger  chaige  giving  decidedly 
more.  The  ammonia  yield  was  low  in  both  tests,  4.02  and  4.07  pounds 
per  ton.  The  recovery  was  about  15  per  cent  of  the  theoretical — 
rather  below  the  average.  Naphthalene  was  determined  only  in  test 
30;  the  quantity  was  small.  Hydrogen  sulphide  was  determined  in 
test  30  in  the  unpurified  gas  leaving  the  ammonia  scrubber;  the  per- 
centage was  practically  the  same  as  for  the  Pittsbui^  coal,  which 
averaged  rather  higher  in  sulphur.  The  weight  balance  shows  an 
unaccounted-for  loss  of  5.6  per  cent  in  one  test  and  7.7  per  cent  in 
the  other. 

The  tests  are  concordant,  and  seem  reliable.  The  coal  is  reported 
to  have  been  used  commercially  as  a  gas  coal.    It  promises  well. 

COAL  A.  A.  9,  FBOM  SAGINAW,  MICH. 

The  sample  consisted  of  43  sacks  shipped  from  the  Barnard  mine, 
working  the  Saginaw  bed,  at  Saginaw,  Mich.,  on  the  Michigan  Central 
Railroad.  Perry  Barker,  of  the  United  States  Geological  Survey, 
collected  the  mine  samples  and  saw  to  the  shipment  of  the  coal 
tested.  The  data  relating  to  this  coal  are  to  be  found  in  Tables  3 
to  8.    Only  one  test  (34)  was  made. 

The  coal  had  not  been  badly  broken  in  shipment;  the  lumps  showed 
some  slate  and  a  noticeable  amount  of  pyrite.  On  screening,  9.7 
per  cent  of  the  material  passed  through  the  f-inch  bar  screen.  The 
coal  as  received  held  9.28  per  cent  of  moisture  and  even  after  air 
drying  carried  4.71  per  cent.  The  ratio  of  volatile  matter  to  fixed 
carbon  was  higher  than  in  the  Pittsburg  coal.  The  ratio  of  oxygen 
to  hydrogen  was  1.71,  compared  with  1,28  for  the  Pittsburg  coal. 
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A  400-pound  charge  of  screened  coal  was  put  into  a  retort  having 
a  temperature  decidedly  below  the  average.  The  interior  tempera- 
ture of  the  retort  remained  low  throughout  the  test ;  hence  the  yield 
of  gas  started  slowly  and  did  not  reach  its  maximum  until  the  sixth 
half  hour.  The  yield  of  coke  was  59.5  per  cent;  the  coke  contained 
17.9  per  cent  breeze.  The  output  of  gas  was  low,  only  4.3  cubic 
feet  per  pound  of  coal,  but  the  average  candlepower  of  the  gas  was 
17.4,  so  that  the  candle  feet  were  74.8.  On  the  other  hand,  the  aver- 
age heating  value  was  only  593  British  thermal  units  per  cubic  foot. 
The  maximum  rate  of  gas  production  coming  at  the  middle  of  the 
test  when  the  heat  value  of  the  gas  had  dropped  below  600  British 
thermal  units  was  one  cause  of  this  low  average  heat  value,  though 
even  at  the  beginning  the  heat  value  was  not  very  high.  The  com- 
bination of  low  yield  and  heating  value  gave  the  gas  the  extremely 
low  average  heat  value  of  2,550  British  thermal  units  per  pound  of 
coal. 

The  quantity  of  ^nmionia  liquor  was  large,  a  logical  result  of  the 
high  moisture  content  of  the  coal.  The  run  of  tar  was  about  normal. 
The  yield  of  ammonia  was  high,  6.40  pounds  on  the  coal  as  charged, 
and  21.1  per  cent  of  the  theoretical  yield.  The  high  recovery  proba- 
bly resulted  from  the  low  retort  temperature,  which  lessened  the 
decomposition  of  the  ammonia.  The  quantity  of  naphthalene  was 
small.  The  proportion  of  hydrogen  sulphide  at  the  outlet  of  the 
scrubber  was  very  large,  3,750  grains  per  cubic  foot,  or  more  than 
four  times  as  much  as  from  the  Pittsburg  coal,  which  contained 
about  the  same  percentage  of  sulphur.  The  weight  balance  shows 
the  unaccounted-for  loss  to  be  8.5  per  cent,  or  a  little  more  than  the 
average  for  all  tests,  6.6  per  cent. 

The  results  throughout  are  concordant  and  the  test  seems  reliable. 
This  coal  does  not  promise  well  as  a  gas  coal,  but  it  must  be  remem- 
bered that  the  low  retort  temperature  had  an  unfavorable  effect. 

COAL  A.  A.  2,  FBOM  VAN  HOITTEN,  N.  ICBX. 

The  sample  consisted  of  58  sacks  of  run-of-mine  coal  from  the  Raton 
bed,  at  Van  Houten,  Colfax  County,  N.  Mex.,  on  the  Santa  Fe 
Railroad.  The  mine  sampling  and  the  shipment  of  the  sacks  were 
under  the  supervision  of  K.  M.  Way.  The  usual  analyses  and  the 
results  of  tests  22  and  28  are  given  in  Tables  3  to  8. 

The  coal  as  received  was  rather  fine,  possibly  because  of  the  handling 
of  the  sacks  in  transit,  but  was  clean,  with  a  good  luster.  It  showed 
little  slate  and  no  pyrite.  Results  of  screening  tests  differed  decid- 
edly; in  one  test  11.95  per  cent  was  rejected  and  in  the  other  21.90 
per  cent.  The  analyses  of  the  two  samples  of  coal  gave  similar  dis- 
crepancies in  the  ash  content,  15.1  per  cent  in  test  22  and  8.94  per 
cent  in  test  28;  the  differences  were  corroborated  by  the  ash  content 
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of  the  coke,  22.6  per  cent  in  test  22  and  17.66  per  cent  in  test  28. 
The  ash  in  the  mine  samples  fell  between  the  extremes  shown  by 
the  samples  taken  at  the  plant,  being  10  per  cent  and  12.7  per  cent, 
respectively.  The  composition  of  the  coal,  aside  from  the  ash,  was 
not  much  milike  that  of  the  Pittsburg  coal. 

The  retort  temperatures  were  moderately  high.  The  yield  of  coke 
was  about  the  same  as  from  the  Pittsburg  coal.  The  proportion  of 
breeze  was  small,  ayeraging  12.5  for  the  two  tests.  The  curves  show- 
ing the  gas  yield  and  the  variation  in  the  composition  of  the  gas 
(see  Plate  IV)  are  almost  identical  for  the  two  tests.  The  candle- 
power  of  the  gas  (16.5  and  16.8)  and  its  heat  value  (674  and  682 
B.  t.  u.)  agree  well  in  the  two  tests. 

The  yield  of  gas  was  less  on  test  22  (4.5  against  4.9  cubic  feet). 
On  eliminating  the  effect  of  the  higher  ash  in  the  coal  of  test  22  by 
calculating  the  yield  to  an  ash  and  moisture  free  basis,  the  discrep- 
ancies disappear  and  the  yield  becomes  5.5  cubic  feet  per  pound  of 
coal  in  each  case. 

The  runs  of  ammoniacal  liquor  and  of  tar  are  higher  in  test  28 
than  in  test  22,  and  as  the  total  products  in  test  28  add  up  to  more 
than  the  weight  of  the  coal  charged,  it  is  possible  that  the  recorded 
weight  of  coal  charged  is  wrong  and  should  have  been  about  10  pounds 
higher.  The  yield  of  ammonia  was  larger  in  test  22  (4.98  pounds 
per  ton)  than  in  test  28  (4.34  pounds  per  ton).  The  loss  in  test  28 
came  in  the  last  three  half  hours,  where  scarcely  any  ammonia  was 
evolved.  There  may  have  been  an  error  here,  although  there  is 
nothing  in  the  data  to  prove  it.  The  weight  balance  shows  an 
unaccounted-for  loss  of  5  per  cent  in  test  22  and  a  negative  loss  of 
0.3  per  cent  in  test  28,  as  mentioned  above.  The  fact  that  the  yields 
of  coke,  gas,  tar,  and  ammoniacal  liquor  are  aU  higher  in  test  28  than 
in  test  22  is  another  indication  that  the  reported  weight  of  the  coal 
chained  into  the  retort  in  test  28  was  too  low. 

This  coal  in  the  tests  gave  as  good  results  as  Pittsburg  coal, 
and  well  deserves  further  investigation  by  gas  companies  in  the 
Southwest. 

COAL  A.  A.  10,  FROM  LA  FOLLBTTE,  TENK. 

The  sample  consisted  of  60  sacks  of  coal  from  the  Rex  bed,  at  La 
Follette,  Campbell  County,  Tenn.,  on  the  Louisville  &  Nashville  Rail- 
road. P.  M.  Riefkin  inspected  the  mine  and  supervised  the  shipment 
of  the  sample.  The  composition  of  the  coal  and  the  results  of  test  31 
are  given  in  Tables  3  to  8. 

The  coal  as  received  was  bright  and  clean  with  no  pyrite  or  slate 
evident.  Only  8.37  per  cent  of  the  shipment  passed  through  the 
f-inch  bar  screen.  The  coal  as  sampled  and  analyzed  at  the  plant 
showed  a  low  moisture  content  and  the  extremely  low  ash  content  of 
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2.15  per  cent,  though  the  mine  samples  contained  5  and  7  per  cent  of 
ash,  respectiyely.  Except  for  the  ash  the  proximate  analysis  of  the 
coal  is  not  very  different  from  that  of  the  Pittsburg  coal,  but  the  ulti- 
mate analysis  shows  20  per  cent  more  oxygen  and  a  high  percentage 
of  nitrogen. 

The  usual  charge,  400  pounds,  of  screened  coal  was  placed  in  a  med- 
iately hot  retort.  The  percentage  of  coke  and  of  screenings  were 
about  the  same  as  for  the  Pittsburg  coal,  although  the  coke  seemed 
more  fragile.  The  evolution  of  gas  was  regular.  The  total  yield 
of  gas  was  high,  5.5  cubic  feet  per  pound  of  coal  as  charged,  but  the 
yield  if  calculated  to  a  basis  of  coal  ash  and  moisture  free  is  only 
slightly  higher  than  the  average  results  from  the  Pittsburg  coal.  The 
candlepower  (15.9)  and  heat  value  (641  B.  t.  u.)  of  the  gas  are  also 
fairly  comparable  with  the  results  from  the  latter  coal.  The  platted 
curves  showing  the  evolution  of  anunoniacal  liquor  and  tar  (PI.  IV) 
are  regular.  The  yield  of  ammonia  was  high  (7.39  per  cent),  largely 
from  the  high  nitrogen  content  of  the  coal;  the  actual  yield  was  only 
17.9  per  cent  of  the  theoretical  while  the  average  proportion  for  all 
the  tests  was  16.8  per  cent.  No  naphthalene  tests  were  made.  The 
percentage  of  hydrogen  sulphide  in  the  unpurified  gas  at  the  outlet 
of  the  scrubber  was  low.  There  may  be  some  relation  between 
it  and  the  high  percentage  of  anmionia,  because  of  the  removal  of 
hydrogen  sulphide  by  anmionia  in  the  scrubber.  The  weight  balance 
shows  the  rather  low  unaccounted-for  loss  of  2.1  per  cent. 

The  test  seems  reliable  and  the  coal  deserves  further  examination. 

COAIi  A.  A.  5,  F&OM  EIANAWHA  NO.  2  BED,  PAGE,  W.  VA. 

The  sample  consisted  of  67  sacks  of  run-of-mine  coal  from  the 
Kanawha  No.  2  bed  at  Page,  Fayette  County,  W.  Va.,  on  the  Vir- 
ginia Railway.  G.  S.  Pope  inspected  the  mine  and  shipped  the  sam- 
ple. Tables  3  to  8  give  the  analyses  of  the  samples  and  the  results 
of  tests  25  and  27. 

The  coal  as  received  was  in  fine  lumps,  fairly  clean  and  with  no 
slate  or  pyrite  evident.  Screening  (f-inch  screen)  removed  a  large 
proportion  of  the  coal,  63.27  per  cent  in  one  trial  and  70  per  cent  in 
the  other,  but  the  composition  of  the  screenings  and  of  the  screened 
coal  differed  very  little.  The  average  ash  content  was  6.20  per  cent 
in  the  coal  passing  over  the  screen,  and  6.57  per  cent  in  that  falling 
through.  This  coal  had  a  low  percentage  of  volatile  matter  and  a 
notably  low  content  of  oxygen,  the  lowest  found  in  any  of  the  coals 
tested. 

Two  distillation  tests  were  made,  the  retort  being  hot,  and  the  con- 
ditions nearly  the  same  in  each.  The  yield  of  coke  was  high,  a  result 
from  the  low  percentage  of  volatile  matter  in  the  coal,  but  wa;& 
distinctly  too  high  in  test  25,  the  figure  being  76.5  per  cent,  as 
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against  71.25  per  cent  in  test  27.  The  sum  of  the  products  of  distilla- 
tion in  test  25  is  101.7  per  cent  of  the  weight  of  coal  charged  and  the 
yields  were  uniformly  higher,  with  the  single  exception  of  the  am- 
monia liquor,  in  test  25  than  in  test  27.  The  obvious  explanation  is 
that  the  actual  weight  of  the  coal  charged  was  more  than  the  re- 
corded weight.  The  stated  3rields  of  gas  (5.20  and  5.5  cubic  feet  per 
pound),  the  candlepower  (15.8  and  16.1),  the  candle-feet  (82.2  and 
80.5),  and  the  heat  values  (617  and  622  B.  t.  u.  per  cubic  foot,  and 
3,208  and  3,110  B.  t.  u.  per  pound  of  coal),  check  fairly  well.  They 
would  agree  better  if  the  stated  weight  of  coal  charged  in  test  25  were 
correct.  The  yield  of  anmionia  was  noticeably  higher  in  test  25 
(5.19  pounds  per  ton)  than  in  test  27  (4.38  pounds  per  ton).  The 
apparent  error  in  the  weight  of  coal  charged  may  partly  account  for 
the  difference. 

Naphthalene  was  determined  in  test  27  and  the  result  was  the 
highest  of  any  of  the  coals.  Hydrogen  sulphide  in  the  unpurified 
gas  at  the  outlet  of  the  scrubber  was  determined  in  one  test;  it  was 
twice  as  much  as  for  the  Pittsburg  coal,  though  the  latter  did  not 
contain  a  correspondingly  higher  percentage  of  sulphur.  The  weight 
balance  of  test  27  was  about  normal. 

These  tests  tend  to  confirm  the  apparently  prevalent  opinion  that 
West  Virginia  coals  in  general  give  good  gas  but  yield  much  naph- 
thalene. Another  opinion  that  they  produce  a  pitchy  tar  which  stops 
standpipes,  could  not  be  tested  in  the  short  runs  made.  Although 
the  3rield  of  naphthalene  was  large,  the  quantity  in  the  gas  at  the 
outlet  of  the  tar  separator  was  not  larger  than  in  one  of  the  tests  mth 
Pittsburg  coal. 

COAL  A.  A.  7,  FBOM  HANNA,  WTO. 

The  sample  consisted  of  59  sacks  of  coal  from  the  No.  2  (or  lower) 
bed  at  Hanna,  Carbon  County,  Wyo.,  on  the  Union  Pacific  Railroad. 
The  sacks  were  filled  from  the  railway  cars  as  they  left  the  tipple. 
K.  M.  Way  inspected  the  mine  and  supervised  the  loading  of  the  sample. 
The  usual  test  data  are  given  in  Tables  3  to  8.  The  coal  stood  ship- 
ment well,  though  somewhat  dusty  when  received;  it  showed  no 
pyrite  or  slate.  Only  10.4  per  cent  of  the  coal  went  through  the 
|-inch  bar  screen. 

This  coal  was  selected  from  a  desire  to  test  some  of  the  high  oxygen 
coals  from  the  West,  and  this  one  with  its  32.26  per  cent  of  volatile 
matter  seemed  to  be  promising.  The  fact  that  the  volatile  matter 
was  accompanied  by  22  per  cent  of  moisture  was  overlooked.  The 
tests  gave  results  of  scientific  interest,  although  the  coal  can  not 
be  considered  in  any  sense  a  gas  coal.  The  contained  volatile  matter 
figured  to  an  ash  and  moisture  free  basis  amounted  to  44.04  per  cent. 
The  oxygen  content  was  18.93  per  cent,  and  the  ratio  of  oxygen  to 


DETAILS  OF  TESTS.  41 

hydrogen  in  this  coal  was  3.50  as  compared  with  1.28  in  the  Pittsburg 
coal. 

Two  teste  were  made  on  this  coal,  the  first  one  (No.  23)  resulting 
badly.  During  the  test,  owing  to  a  leak  in  the  water  line,  the  seals 
were  blown  twice,  allowing  the  purifier  to  fill  with  water.  Before  the 
leak  could  be  remedied  the  recorded  yield  of  gas  became  liopelessly 
inaccurate.  When  the  retort  was  opened  at  the  end  of  the  run,  the 
coke  was  so  fine  that  it  flew  in  sparks  all  over  the  retort  house.  A 
later  test  on  this  coal  was  made  to  get  more  accurate  data,  but  no 
attempt  was  made  to  take  a  full  set  of  observations. 

Test  29  gave  the  following  results:  Coke,  50.2  per  cent;  gas,  5.4 
cubic  feet  per  pound  of  coal;  candlepower  of  gas,  8.S;  heat  value  of 
gas,  664  British  thermal  units  per  cubic  foot.  The  determinations 
of  candlepower  and  heat  value  were  on  gas  taken  from  the  propor- 
tional tank,  and  the  gas  in  this  tank  tends  to  give  rather  high  results. 
The  ammonia  yield  was  low,  3,77  pounds  per  ton  of  coal.  The  weight 
balance  showed  a  very  high  unaccounted-for  loss,  14.3  per  cent.  This 
loss  is  probably  due  in  part  to  coke  lost  in  drawing,  and  in  part  to  the 
high  oxygen  content  of  the  coal  causing  the  formation  of  much  car- 
bon dioxide  which  was  lost  in  the  ammonia  scrubber.  Even  so  there 
was  7.6  per  cent  of  carbon  dioxide  in  the  purified  gas. 
TABULATXD  BESULTB. 
Tablb  3. — Comparative  analyst  of  ooaJ  and  coht. 
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Tablb  3. — Comparative  analy$e*  of  coal  arid  cott — Continued. 
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Table  3. — Comparative  analyses  ofooal  and  coke — Gontinued. 


Proximate  analysis. 

• 
• 

n 

S 

-a 

1 

Test  number  and  character  of  fuel. 

• 

§ 

.9 

• 

1 

5.81 
7.50 

1 
1 

1 

1 

QQ 

• 

>> 

m 

• 

1 

• 

i 

H 

o 

i 

QQ 

i 

Te»tg9iA.A.7), 
Coal: 

Ail  received 

22.56 

32.26 
41.66 
45.04 

1.06 
1.27 
1.47 

37.06 
41.85 
44.96 

24.14 
2131 
29.81 

.73 

.95 

1.20 

2144 
2180 
3a  33 

34.99 
36wl2 
36.94 

.86 
1.17 
1.25 

33.99 
35.12 
37.12 

39.37 
50.84 
6196 

71.20 
85.01 
98.53 

45.36 
51.23 
55.04 

56.83 
57.24 
70.19 

60.29 
78.39 
96.80 

56.13 
56.96 
69.67 

59.73 
61.66 
63.06 

67.89 
92.75 
98.75 

57.59 
59.50 
62.88 

.36 
.46 
.50 

.34 
.41 
.48 

.32 
.36 
.39 

.57 
.58 
.71 

.38 
.49 
.62 

.56 
.57 
.70 

.72 
.74 

.76 

.51 
.70 
.75 

1.21 
1.25 
1.32 

9,592 
12,386 
13,390 

10,447 
12,474 
14,458 

10,939 
12,353 
13,271 

12,436 
12,524 
15,368 

o,  VW) 

11,700 
14,747 

12,407 
12,589 
15,397 

14.245 
14,706 
15,089 

10,094 
13,790 
14,683 

13,750 
14,207 
15,016 

Dry 

5.03 
5.41 

68.80 
78.05 

1.08 
1.16 

17.58 
1&93 

.42 

.45 

7.09 

Iffoi^tiim  ^nd  »sh  fmn . . 

Coke: 

As  received 

16.25 

11.49 
13.72 

Diy 

Mnlift^rA  ^nd  Ash  Ikia 

As  received 

11.45 

6.13 
6.92 

Dry 

Mo  StiirA  «nd  A»h  fnin ........ 

Teatte{A,A.e). 
Goal: 

As  received 

.71 

18.32 
18.45 

Dry 

148 
5.24 

72.83 
85.18 

1.07 
1.25 

6.46 
7.66 

.66 
.77 

1150 

Mol^ire  fM^d  p^h  fren. , ,  -  r  - , 

Coke: 

As  received 

23.09 

15.89 
20.66 

Dry 

Motebir^  and  imOi  fnm 



Screenings: 

As  received 

1.45 

17.98 
18.24 

Dry 

MoUt^m  and  p^h  fran , . .  -  r 

TeatSHA.A.lO). 
Coat: 

3.13 

2.16 
2.22 

Dry 

5.00 
6.27 

7ii4'i.67 
82.301-76 

8.30 
8.74 

1.83 
1.93 

6.06 

If  oistiiTA  tfnd  avh  frwi 

Coke: 

As  received ......................... 

26.80 

4.45 
6.06 

Dry 

IfotstiirA  arid  a^^h  fran 

Screenings: 

3.21 

5.21 
5.38 

Dry 

Ifolsture  and  iiktk  free 

• 

Table  4. — Analyses  and  composition  of  coals, 

COAL  AS  CHARGED. 


Proximate  analysis. 


Test  No.— 


33 
24 
» 
35 
21 
30 
34 
22 
28 
18 
19 
» 
32 
31 
25 
27 


Heat 

value 

Moisture. 

VolatUe 
matter. 

FUed 
carbon. 

Ash. 

Sulphur. 

(B.  t.u.). 

2.71 

29.13 

63.87 

129 

.50 

13,990 

7.17 

32.36 

45.92 

1155 

1.00 

10,953 

1.70 

23.90 

56.26 

18.14 

.57 

12,312 

166 

34.44 

53.71 

7.19 

1.96 

12,919 

2.46 

31.18 

60.11 

6.25 

.43 

13.885 

3.17 

32.40 

60.67 

3.76 

.45 

14,200 

9.28 

31.67 

53.70 

5.35 

.96 

12,456 

2.23 

31.42 

51.25 

16.10 

.67 

12,438 

2.32 

32.18 

56.56 

8.94 

.70 

13,385 

1.92 

32.82 

58.85 

6.41 

1.12 

14,026 

2.18 

32.96 

57.33 

7.53 

1.43 

13,815 

2.05 

33.25 

58.02 

6.68 

1.49 

13,956 

'       2.43 

32.70 

50. 99 

188 

.85 

14,036 

3.13 

34.99 

50.73 

2.15 

.72 

14,246 

1.28 

30.65 

62.50 

5.57 

1.53 

14,531 

1.27 

29.02 

62.88 

6.83 

1.18 

14,344 

22.56 

32.26 

39.37 

5.81 

.36 

9,692 
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Tablb  4. — Analytta  and  eompotUion  of  coal* — Continued. 

DRY  COAL. 


Ten  No. 

Calculated   proKUiule  aompo- 

Hwt 

Oltlmiwuialjrii.. 

DiBtter. 

Fixed 
catbOD. 

".^ 

ji- 

(B.tu.) 

Hydro- 

Cuban. 

■sr 

0x3. 

Bui- 

0.02 
1.18 

Alb. 

3*.M 
U.31 

as.  13 

Is 

3J.U 
S2.9S 

11 

sa.12 

ST.M 
SS.33 

ei.tn 

S5 

BT.tD 

eaoo 

58.0) 
n.34 
«I.M 

ss 

90.84 

S.S8 

sl  1 
11  ' 

i 

i 

87 

no 
m 

i 

'30 
>31 
TO 
101 
33 

ee 

TO 

130 
80 

4.  IB 
1.80 
fi.01 

80.M 
TttU 

72.  S3 
70.11 
70.73 

1.M 
I.U 
1.07 

i:m 

7. 83 
7.M 

AM 

raies 

lias 

^" 

liu 

B.34 

79.00 

1.38 

0.73 

1.14 

S2.W 

}:S 

8.N 

1.S3 
.83 

AGS 

68.80 

17.  S8 

" 

not  dider  muofa. 


COlCPOaiTION  OF  COALS. 


TMtNo. 

padtton. 

Heat 

■^», 

uitlmsle 

„.,^,». 

VolBtUe 

matter. 

Fixed 

carbon. 

Sul- 
pbur. 

,B.ri. 

Hydro. 

Carbon. 

NHro- 

Oxy- 

8ul- 

Is 

li 

II 

so!  94 
32.01 

«!o* 

Is 

00.03 

K 

01.90 

II 

04.73 
83.08 

osiia 

1.M 
148 

ll 

Its 

mIoss 

16,310 
1S,»7 
14,601 
1(,048 
IS  081 
11,302 
IS,  300 

\i,vo 

U,l«2 
IS.  038 
11,  Ml 

ll;S 

AM 
A30 

A3a 

II 

84.76 

.30 

|s 

6.68 
A8Z 

S4.43 

L4fl 

&e8 

S.81 

84.  SI 

L48 

7.18 

Aa7 

A37 

81.30 

S7.03 

L7B 
L50 

A  74 
AU 

i'U 

»» 

L18 

1A93 
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Table  6— Retort  operation,  coal  and  coke. 


Test 
No. 


33. 
24. 
26. 
35. 
21. 
30. 
34. 
22. 
28. 
18. 

19. 
20. 
32. 
31. 
25. 

27. 
29. 


Coal. 


Coal 
No. 


A.  A.  4. 
A.  A.  6. 
A.  A.  12. 

...do 

A.  A.  2. 
A.  A.  1. 
...do.... 


...do 

...do 

.  ..do..... 
A.  A.  10. 
A.  A.  5. 

. . .Vlv...». 

A.  A.   7. 


State. 


Alabama.... 
Colorado 

niinola 

Kentucky... 

do 

Mlcbii^an.... 
New  Mexico 

Pennsy!- 
vania. 

do 

do 

•  ■  •  •  •  U  V  •  •  •  •  •  •  ■ 

Wert     Vir- 
ginia. 

do 

Wyoming. . . 


t^ 


2&40 
80.60 

lass 

27.90 

0  80.80 

48.50 

9.70 
11.05 
21.90 

(*) 

« 

17.40 

&37 

63.27 

7a  00 
10.4 


9"^ 


400 
400 
410 
400 
300 
400 
400 


400 
404 

400 
400 
400 
400 
400 

400 
400 


^<^ 


lis? 


871 
408 
381 
851 


368 


891 
896 

891 
892 
890 
387 
805 

894 
809 


372 
313 
329 
353 
829 
372 
841 
329 
355 
320 

870 
865 
870 
879 
372 

868 
286 


Coke. 


273 
240 
807 
249 
250 
258 
238 
270 
280 
271 

270 
259 
274 
267 
302 

285 
201 


68.3 

oao 

74.9 
62.3 
09.4 
64. 5 
59.5 
67.8 
70.0 
67.1 

67.5 
64.8 
68.5 
66.8 
75.5 

n.2 

5a2 


per 

of 

ooal 

Kl). 

'-?*»     Sfi 

fl^l 

bo'o'S 

Q 

70.2 

64.6 

76.0 

65.4 

71.3 

66.5 

65.6 

09.4 

71.0 

68.5 

60.0 

66.1 

7a8 

60.0 

76.5 

72L4 

64.9 

125 

87.3 

10.0 

6.7 


9.1 
17.9 
13.1 
11.7 

5.0 


7.6 
7.6 

lao 

7.6 
88.4 


Tert 
No. 


Products  of  destructive  distillation. 


33 

24 

36 

35 

21 

30 

34 

22 

^9* ■ • • • 

18 


19.. 
20.. 
32.. 
31.. 
25.., 

27.. 


Coal 
No. 


A.  A.  4.. 
A.  A.  6.. 
A.  A.  12.. 

A.  A»    3*. 

..do 

^L*   Akm       Mm  a 

...do 


...do 

.  ..do..... 

A.  A.  10. 
A.  A.    5. 

...do..... 
A.  A.    7. 


State. 


Alabama.... 

Colorado 

do..... .. 

Illinois 

Kentucky... 

do 

Ifichigan.... 
New  Mexico. 

Pennsyl- 
vania. 
do 

>  •  •  >  •vlO«fltt««  * 

Tennessee.. 
Wert  Vir- 
ginia. 

Wyoming. . 


Vola- 
tile 

mat- 
ter. 


1.59 
1.78 

.95 
2.22 
1.05 

.30 
2.20 

.75 
2.75 
1.06 

1.49 

.89 

1.85 

1.17 

.49 

.78 
1.27 


Fixed 
car- 
bon. 


81.01 
72.87 
78.39 
85.48 
87.43 
89.60 
92.01 
76.65 
70.69 
86.41 

87.50 
87.77 
89.45 
92.75 
87.41 

86.01 
85.01 


Ash. 


Sul- 
phur. 


11.40 
25.35 
20.66 
12  30 
11.52 

laoi 

6.79 
22.60 
17.56 
1253 

11.01 

11.84 

&70 

6.06 

1110 

13.26 
13.72 


0.52 
.87 
.49 

206 
.41 
.43 
.91 
.40 
.54 
.92 

.84 
1.11 
.74 
.70 
.85 

1.10 
.41 


Heat 

value 

ofoolce 

(B.t.u.) 


12,883 
10,706 
11,700 
12,427 
12,802 
13,003 
13,495 
11,173 
11,781 
12,631 

12,808 
12,782 
13,086 
18,790 
12,731 

12,501 
12,474 


Carbon- 
isation 
period 
(hours). 


4.63 
4.60 
4.42 
4.67 
4.42 
4.50 
4.76 
4.48 
4.42 
4.48 

4.88 
4.55 
4.85 
4.67 
4.52 

4.60 
4.25 


Retort  temperature 

cF.r 


On  top  of  ooal 
at  center  of 
ntart. 


After 
Ihour. 


1,240 
1,320 
1,430 
1,220 
1,470 
1,340 
1,090 
1,380 


1,360 
1,460 
1,810 
1,310 
1,307 

1,280 


Maxi- 
mum. 


1,345 
1,700 
1,820 
1,360 
1,740 
1,550 
1,140 
1,690 
1,748 
1,770 

1,690 
1,755 
1,400 
1,465 
1,710 

1,725 


Aver- 
age 
at  ex- 
terior. 


1,878 
2,096 
2,123 
1,779 
2,036 
2,020 
1,828 


1,962 
1,982 


2,010 
1,844 
1,038 
2,042 

2,101 


a  A  i-inch  bar  screen  was  used  in  this  tert. 

^  The  ooal  in  these  tests  had  been  passed  over  a  f-inoh  bar  screen  at  the  mine  and  was  not  screened 
again. 
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Table  6. —  Yield,  heating  value,  and  eandlepower  of  gas. 


m 

Yidd  ofjBs  per  pound 
(cubic  feet). 

OalcnUted 
avoage  heat- 

Calculated average  gas  analjrsis 

Test 

ing  value 
(B.  t.  u.). 

Oilco- 
lated 

(per  cent). 

aver- 

No. 

charged. 

Dry 
coal. 

Coal  ash 
and 
mois- 
ture 
(free). 

Gross. 

Net. 

age 
candle- 
power. 

(X)i. 

(}nHin. 

• 

<H. 

CO. 

CH4. 

• 

H,. 

N,. 

38.... 

5.2 

5.3 

5.6 

508 

538 

14.0 

2.7 

Z.7 

1.0 

8.9 

31.2 

49L1 

3.4 

24.... 

4.8 

5.2 

6.1 

•  626 

a566 

•  14.0 

•  4.4 

•  6.3 

•  0.8 

•  11.3 

•  29.8 

•  43.0 

•  4.6 

26.... 

4.9 

5.0 

&1 

614 

550 

•  12.0 

1.3 

•  4.2 

0.0 

6u0 

29.5 

65.8 

2.3 

35.... 

4.3 

4.6 

4.9 

a632 

aS68 

15.2 

2.6 

3.7 

0.8 

7.9 

33.5 

45l6 

6.0 

21.... 

4.8 

4.9 

5.3 

660 

578 

14.5 

•  1.6 

•  4.3 

•  1.1 

•  6.4 

•  33.1 

•  5a3 

•  3.2 

30.... 

5.0 

5.2 

5.4 

622 

561 

14.1 

1.9 

4.1 

0.7 

7.0 

29.4 

51.3 

6.^ 

34.... 

4.3 

4.7 

5.0 

503 

526 

17.4 

•  2.9 

•  5.3 

•a7 

•  9.2 

•  34.1 

•  43.1 

•  4.7 

22.... 

4.5 

4.7 

5.5 

674 

606 

•  16.5 

2.0 

•  5.9 

0.8 

&2 

•  34.8 

•  45.9 

2.4 

28.... 

4.9 

5.0 

5.5 

682 

618 

16.8 

2.1 

6.1 

0.6 

8.2 

35.5 

45.7 

1.8 

18 

4.8 
4.9 

4.9 
5.0 

6.1 
5.3 

19.... 

640 

593 

•  15.2 

1.2 

4.4 

1.1 

6.6 

•  37.9 

•  42.2 

6.6 

20.... 

6.3 

5.4 

5.8 

611 

550 

16.0 

1.1 

3.0 

a8 

6.5 

31.8 

61.6 

6.2 

32.... 

6.1 

6.3 

5.6 

a664 

a603 

•  15.4 

•  1.7 

•  3.8 

•  0.5 

•  6.5 

•  33.6 

•  5a7 

•  3.2 

31.... 

5.5 

5.7 

5.8 

641 

675 

15.9 

2.0 

6.0 

0.9 

8.2 

31.2 

49.1 

3.6 

26.... 

5.2 

5.3 

5.6 

617 

555 

•  15.8 

1.3 

3.8 

0.9 

4.0 

•  32.9 

•  53.6 

2.6 

27.... 

5.0 

5.1 

6.4 

622 

657 

•  16.1 

1.2 

3.3 

ao 

6.0 

32.6 

66.1 

1.8 

29.... 

5.4 

7.0 

7.5 

»564 

^502 

8.8 

*7.6 

»4.9 

^0.2 

M4.4 

»29.0 

»40l2 

*a.7 

•  One  figure  of  the  nine  used  in  obtaining  the  average  was  supplied  b 
ft  Fium  the  proportional  tanls;  no  half-hour  samples  were  taken  on  t* 


Table  7. —  Yield  of  tar,  ammonia,  sulphur,  and  naphthalene. 


atkuL 


Tarpertonofooal 
(gaUons). 

Ammonia  (NU«)  per  ton  of 
coal 
(pounds). 

HaSper 
100  cubic 
feet  of  gas 
at  outlet 
of  scrub- 
ber 
(grains). 

Total 

naphthft- 

Icne  per 

Test  No. 

CkxUas 
charged. 

Dry  coal. 

Coal  ash 

and 
moisture 

ilree. 

Coal  as 
charged. 

Dry  coal. 

Coal  ash 

and 
moisture 

tne. 

ton  of 

coal  as 

charged 

(pomids). 

33 

19.2 
15.6 
14.2 
17.2 
10.8 
18.8 
16.5 
16.8 
21.8 

19.7 
16.8 
14.5 
18.1 
11.1 
19.5 
18.2 
17.2 
22.3 

20.6 
19.9 
17.7 
19.6 
11.8 
20.2 
19.3 
20.3 
24.5 

4.03 
7.60 
4.36 
6.38 
4.01 
3.48 

•  6.40 

•  4.97 
4.32 

4.16 
8.20 
4.43 
6.70 
4.12 
3.61 

•  7.05 

•  5.09 
4.42 

4.33 
9.60 
5.43 
7.20 
4.30 
4.25 

•  7.50 

•  6.02 
4.82 

ia7 

24 

26 

36 

1,300 

4.5 

21 

30 

823 
3,750 

5.7 

34 

6.5 

22 

28 

18 

19 

10.7 

10.9 

11.8 

5.80 
6.18 
6.33 
•  7.39 
5.19 
4.37 
3.77 

5.03 
6.28 
6.46 
•  7.63 
6.26 
4.43 
4.88 

6.43 
6.67 
5.76 
•  7.81 
5.57 
4.75 
5.28 

20 

32 

21.1 
22.0 
20.1 
14.6 
14.4 

21.6 
22.7 
20.4 
14.8 
18.6 

22.8 
23.2 
21.7 
15.0 
20.1 

830 
206 

&0 

31 

25 

27 

11.4 

29. 

1,660 

•  One  figure  of  the  nine  used  In  obtaining  the  average  was  supplied  by  interpolatioo. 
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MAXNER  OF  RECORDINO  AND  COMPUTING  DATA. 

QENBBAL  STATBMBNT. 

The  purpose  of  this  bulletin  is  twofold — to  present  data  obtained  in 
tests  made  on  a  scale  that  would  give  residts  comparable  with  those 
of  ordinary  practice,  and  to  show  the  methods  used  in  an  illuminating- 
gas  experiment  station  that  embodies  the  conclusions  reached  after 
much  study  and  many  trials. 

In  furtherance  of  both  these  purposes,  specimens  of  the  record 
sheets,  forms  for  computing,  and  computation  sheets  used  at  the  plant 
are  reproduced  herewith.  The  record  and  computation  sheets  are 
fiUed  out  for  Test  35.  They  show  all  the  data  recorded  and  the 
methods  used  in  getting  the  results  stated  in  Tables  3  to  8  and  platted 
in  Plate  IV.  By  going  over  them  the  reader  can  determine  for  himself 
the  reliability  of  the  general  plan  followed.  The  chief  reasons  for 
inserting  the  sheets,  however,  is  that  they  may  be  of  aid  to  any 
engineer  who  is  preparing  to  make  or  is  carrying  on  distillation  tests  of 
gas  coals,  by  serving  as  guides  in  the  preparation  of  forms  and  record 
blanks  that  will  meet  his  needs. 


Bhsbt  Al. 
TwtNo.36. 

CoBl: 


SHEETS  FOB  BBCOBDINa  TESTS. 


COAL  AlTD  COBX. 


Date:  May  28, 1909. 
Obeerver:  D.  F.  Smith. 


Time  of  charging 12. 40  p.  m. 

Weight  of  car  and  coal 

Weight  of  car Balanced. 

Weight  of  coal  charged . . .  pounds. .  400 

Kindofooal 

Coal  No A.  A.  12 

Company 

Mine  location Harrisbiug,  Saline  County,  111. 

Analysia,  aa  charged: 

JUbiatore 4.66 

Aah 7.19 

Volatile  matter 34.44 

Fixedcarbon 63.71 


Solphur,  separately  determined . . . . 
Heating  value B.  t.  u . 


Retort  badly  oovered  on  top  with 
carbon,  temperatuxe  low. 


1.96 
12,919 


Coke: 


TImeofdnwing 5.20p.m. 

Weight     of    buggy     and     coke, 

pounds 636 

Weight  of  buggy pounds. .  387 

Weight  of  ooke do....  249 

Coke  produced percent..  62.3 

Physical  characteristics. .  Dark  color;  easily  broken. 


Analysis,  before  quenching: 

MoistuxB 

Ash 

Volatile  matter 

Fixed  carbon 


Sulphur,  separately  determined — 

Heating  value B.  t.  u.. 

Remarks: 


12.30 

2.22 

85.48 

2.08 
12,427 
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Sheet  A  2. 
Test  No.  35. 


SKuUfor  Ttwrding  teito— Contmued. 


BBTO&T  TBXPBSATTmB. 


Date:  May  28, 1000. 
Obeerrer:  Wynne. 


Time  of  tak- 
ing sample. 


Distance  from  rear. 


Temperature  Inside  retort 

(•  F.). 


At  ter- 
minals. 


1-00... 
1.10... 
1.20... 
1.30... 
1.40... 
1.50... 
2.00... 
2.10... 
2.20... 
2.30... 
2.40... 
2.50... 
3.00... 
3.10... 
3.20... 
3.30... 
3.40... 
3.50... 
4.00... 
4.10... 
4.20... 
4.40... 
6.00... 


m. 


I 


4  feet  6  inches. 
....do 


.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 


Ob- 
served. 


1,050 

i,m 

1,140 
1,160 
1,160 
1,176 
1,190 
1.206 
1,215 
1,230 
1,240 
1,265 
1,270 
1,205 
1,325 
1,336 
1,335 
1,346 
1,350 
1,345 
1.340 
1,335 
1,S26 
1,325 


Cor- 
rected. 


1,095 
1,150 
1,175 
1,185 
1,190 
1,200 
1,220 
1,230 
1,240 
1,250 
1,260 
1,285 
1,290 
1,310 
1,340 
1,350 
1,350 
1,365 
1,360 
1,355 
1,350 
1,350 
1,340 
1.340 


Tfane 
of 

sam- 
ple. 


p.  «i. 

12.50 
1.00 
1.10 
1.20 
1.30 
1.40 
1.50 
2.00 
2.10 
2.20 
2.30 
2.40 
2.50 
3.00 
3.10 
3.20 
3.30 
3.40 
3.50 
4.00 
4.10 
4.20 


Temperature  outside  retort 
(•  F.). 


Distance 
from 

retort. 


1  finches 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do..... 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 


Ob- 
senred. 


,765 
,775 
,785 
,760 
,760 
,760 
,740 
,740 
,745 
,745 
.750 
,760 
,765 
,760 
,755 
,770 
,770 
,766 
,750 
,745 
.740 
,745 
,750 
,760 


Av. 


Cor- 
rected. 


1,700 
1.800 
1,810 
1.776 
1,780 
1,780 
1,760 
1,700 
1,765 
1,765 
1,775 
1,780 
1,790 
1,780 
1.780 
1.706 
1,705 
1,790 
1,775 
1,765 
1,760 
1,765 
1,775 
1,775 


1,779 


Sheet  a  3. 
Test  No.  35. 


OZirS&AL  TBMPBSATTrBB. 


Date:  May  20, 1000. 
Observer:  D.  F.  Smith. 


Time  of  talcing 
sample. 

Condenser  temperatures. 

Separator  tempera- 
tures.' 

Meter  tempera- 
tures. 

Purifier. 

1 

2 

3 

Inlet 

Outlet 

Water. 

Outlet 

p.  tn. 
12.50 

178 
178 
180 
176 
174 
170 

ino 

l(iO 

192 
182 
170 
170 
168 
158 
153 
144 

180 
170 
158 
150 
140 
130 
118 
115 

166 

162 

150 

138 

128 

119 

110 

106 

100 

96 

96 

101 

104 

106 

107 

107 

106 

105 

102 

102 

100 

96 

92 

92 

90 

88 

124 
136 
132 
126 
119 
118 

no 

107 

103 

100 

100 

100 

100 

102 

100 

100 

100 

100 

08 

08 

96 

94 

93 

93 

92 

01 

70 
70 
70 
70 
70 
71 
71 
71 
71 
71 
71 
71 
71 
71 
71 
71 
71 
72 
72 
72 
72 
72 
72 
72 
72 
72 

60 
60 
60 
60 
60 
70 
60 
60 
60 
60 

eo 

60 
60 
60 
60 
60 
60 
60 
70 
70 
70 
70 
70 
70 
70 
70 

1.00 

1.10 

1.20 

1.30 

1.40 

1.50 

2.00          

2.10 

2.20 

2.30 

'  iso 

140 

105 

2.40 

2.50 

3,00 

140            i.% 

118 

**.  in 

3.20 

3.30 

130 

130 

110 

3.40 

3.60 

4.00 

120 

134 

112 

4.10 

4.20 

4,30 .   . 

118 

140 

116 

4.40 

4.50 

110 

142 

100 

6.00 

Corrected  aver- 
aee 

162 

146 

121 

110 

105 

72 

70 
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Shuts  for  recording  tetU — Continued. 


SUJBJBT  A4. 
Test  No.  36. 


Date:  May  28, 1909. 
Ohoerver:  D.  F.  Smith. 


Stand- 
(Inches). 

Separator 

Inlet 
(Inches). 

Separator 

ence 
(inches). 

Washer 
differ- 
ence 

(Inches). 

Meter 
(inches). 

Meter  reading. 

Time  of  taking  sample. 

Total, 
(cu.  ft.). 

Period, 
(cu.  ft.). 

12.40 r 

0.1 

00 

30 

64 

95 

124 

154 

185 

216 

248 

270 

313 

346 

380 

414 

448 

482 

518 

553 

500 

627 

660 

702 

740 

779 

818 

868 

809 

039 

980 

1,021 

1,103 

1,144 

1,184 

1,226 

1,267 

1,308 

1,348 

1385 

1,428 

1,466 

1,503 

1,540 

1,573 

1,605 

1,636 

1,665 

1,601 

1,740 

1,760 

1,776 

1,788 

1,799 

1,807 

1,814 

12.4ft 

30 

12J0  

0.1 
0.1 

0.2 
0.1 

2.1 
2.0 

3.8 
8.8 

4.9 
4.8 

34 

12Jft     

31 

1.00 

29 

1.05 

0.1 
0.0 

-0.1 
0.2 
0.0 
0.1 
0.3 
0.0 
0.0 
0.0 

-0.1 
0.0 
0.2 
0.1 
0.2 
0.2 
0.1 

-0.1 

-0.1 
0.0 
0.0 
0.1 
0.1 

ai 

0.0 
0.0 
0.1 
-0.1 
-0.1 
-0.1 
0.0 
0.1 
-0.1 
0.0 
0.0 
0.1 
0.1 
0.1 
0.0 
0.0 
0.1 
0.1 
0.1 
0.1 
0.0 
0.0 
0.0 

0.2 
-0.1 

-ai 

0.2 
0.0 
0.1 
0.3 
0.1 
0.0 
0.0 
-0.1 
0.0 

a2 

0.1 
0.2 
0.2 
0.1 
-0.1 
-0.1 
0.0 
0.0 
0.1 

ai 

0.1 
-0.1 
0.0 
0.1 
-0.1 
-0.1 
-0.1 

ao 

0.0 

-0.1 

-0.1 

0.0 

0.1 

0.1 

0.1 

-0.1 

-a  2 

0.1 
0.0 
0.1 
0.1 
0.0 
0.0 
0.0 

1.8 
1.0 
1.0 
1.9 
1.0 
1.9 
1.9 
1.9 
1.8 
1.8 
1.8 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
2.0 
1.9 
1.8 
1.9 
1.9 
2.0 
1.9 
1.8 
1.7 
1.7 
1.8 
1.8 
1.8 
1.7 
1.7 
1.7 
1.6 
1.6 
1.5 
1.6 
1.6 
0.8 
0.8 
0.7 

a5 

3.8 
3.8 
3.8 
3.8 
8.6 
8.2 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
8.0 
3.0 
8.0 
3.0 
3.0 
3.0 
3.1 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
2.9 
3.0 
3.0 
8.0 
8.0 
3.0 
8.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 

4.9 
4.7 
4.7 

4.5 
4.7 
4.7 
4.8 
5.0 
5.0 
6.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
5.0 
6.0 
6.0 
5.0 
5.0 
6.1 
5.0 
6.0 
6.0 
6.0 
6.0 
5.0 
5.0 
6.0 

30 

1.10 

31 

1.16 

31 

1.20 

32 

1.25 

31 

1.30 

34 

1J5 

33 

1.40 

34 

1.46 

34 

1.50 

34 

1.55 

34 

2.00 

86 

2.06 

35 

2.10 

37 

2.15 

37 

2.20 

33 

2.25 

42 

2.30 

38 

2.35 

39 

39 

2.46 .' 

40 

41 

2Ji5 

40 

41 

3.06 

41 

82 

3.20 

41 

40 

3.30 

42 

41 

3.40 

41 

40 

3.50 

37 

43 

4.00 

38 

37 

4.10 

37 

33 

4.20 

32 

31 

4  JO 

29 

26 

4.45 

40 

20 

4.55 

16 

12 

5.05 

11 

8 

7 
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Shkst  A  6. 
Test  No.  35. 


Sheets  for  recording  tesU — Continued. 


CALOBmZTBK. 


Date:  May  28, 1909. 
Obserrer  Wyzme. 


Water  inletr-tempenture  (•€.). 

Water  outlet— temperature  (*C.). 

Time  of  taking  sample. 

1 

2 

3 

4 

5 

Aver- 
age. 

1 

2 

3 

4 

5 

Atct- 
age. 

p.  m. 
12.45tol.l5. 

16.1 
15.4 
15.6 
16.0 
fl5.9 
\16-1 
16.5 
16.0 
18.5 
17.9 

16.1 
15.4 
15.6 
16.0 
16.0 
16.2 
16.5 
16.0 
18.5 
17.9 

16.1 
15.4 
15.7 
16.0 
16.0 
16.2 
16.5 
16.1 
18.6 
17.9 

16.1 
15.4 
15.7 
16.1 
16.0 
16.1 
16.5 
16.1 
18.6 
17.8 

16.1 
15.4 
15.7 
16.1 
16.1 
16.1 
16.5 
16.1 
18.6 
17.8 

16.1 

15.4 

15.66 

16.04 

16.0 

16.14 

16.5 

16.04 

18.56 

17.86 

42.0 
42.9 
41.9 
45.1 
46.5 
47.0 
45.5 
43.4 
44.4 
42.0 

41.9 
43.0 
41.9 
45.1 
46.6 
47.0 
45.5 
43.5 
44.5 
42.0 

41.9 
43.2 
42.0 
45.1 
46.7 
47.0 
45.6 
43.5 
44.6 
42.0 

42.0 
43.3 
42.1 
45.0 
46.8 
47.1 
45.6 
43.6 
44.7 
41.9 

42.1 
43.5 
42.2 
45.1 
46.9 
47.2 
46.7 
43.6 
44.8 
41.9 

41.98 

1.15tol.45 

43.18 

1.46  to  2.15 

42.02 

2.15  to  2.45 

46.08 

2.45  to  3.15 

46.6 

8.15to3.45 

47.06 
46.58 

3.45to4.15 

43.52 

4.15  to  4.45 

44.60 

4.45to5.15 

41.96 

n7.9 

\18.1 

18.0 
18.1 

18.0 
18.1 

18.1 
18.0 

18.1 
18.0 

18.02 
18.06 

46.6 
46.6 

46.7 
46.6 

47.0 
46.6 

47.0 
46.6 

47.0 
46.6 

46.86 

46.6 

SHXKT  a  5. 
Test  No.  35. 


Date:  May  28, 1909. 
Observer  Wynne. 


Time  of  taking 
sample. 

Meter  reading  (cubic 
feet). 

Weight 
of  water 
(grams). 

Con- 
densed 
water 
(grams). 

Oas 

tem- 
pera- 
ture 
CF.). 

Barome- 
ter 
(inches). 

Cor- 
rected 

gas 
(cubic 
feet). 

B.  t.  n.  per 
cubic  foot. 

Start. 

Close. 

Used. 

Oross. 

Net. 

p.  m. 

12.45tol.l5 

1.15tol.45 

1.45  to  2.15 

2.15to2.45 

2.46to3.15 

3.15to3.45 

3.45to4.l5 

4.15to4.45 

4.45to5.15 

53.00 
54.60 
56.00 
50.40 
/  61.90 
\  62.40 
64.70 
66.90 
60.50 
73.00 

53.25 
54.85 
56.25 
59.65 
62.15 
62.65 
64.95 
67.15 
69.75 
73.25 

0.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 

1,523 
1,646 
1,555 
1,373 
1,200 
1,190 
1,177 
1.100 
1,025 
975 

5.3 
6.8 
7.0 
6.5 
7.0 
7.0 
5.8 
6.0 
5.0 
5.0 

75 
75 
75 
75 
75 
76 
76 
76 
77 
78 

29.3 
29.3 
29.3 
29.3 
29.3 
29.3 
29.3 
29.3 
29.3 
29.3 

0.234 
.234 
.234 
.234 
.234 
.234 
.234 
.234 
.233 
.232 

670 
775 
696 
676 
626 
625 
582 
513 
455 
402 

616 
706 
624 
610 
656 
664 
624 
452 
404 
351 

Proportional 
tank 

r  74.4 
\  75.0 

74.65 
75.25 

.25 
.25 

1,300 
1,360 

7.0 
7.0 

79 
80 

29.3 
29.3 

.232 
.231 

641 
666 

660 

594 

Calculated 

664 

682 

Sheet  A  6a. 
Test  No.  35. 


PHOTOMZTBK. 


Date:  May  28, 1909. 
Observer:  W.  T.  ADlffBr. 


Time  burning  (minutes). 

Meter  reading. 

Oas 
per 
hour 
meas- 
ured 
(cubic 
feet). 

Oas 
tem- 
per- 
ature 
CF.). 

Oas 

hour 
cor- 
rected 
(cubic 
feet). 

Tabu- 
lar No. 

Time  of 

taking 

sample. 

Start. 

Close. 

Length. 

Start. 

Close. 

Used. 

Candle- 
power. 

p.m. 
12.40  to  1.10 
1.10  to  1.40 
1.40  to  2.10 
2.10  to  2.40 
2.40  to  3.10 
3.10  to  3.40 
3.40  to  4.10 
4.10  to  4.40 
4.40  to  5.10 

0 
0 
0 
0 
0 
0 
0 
0 
0 

6 
6 
6 
6 
6 
6 
6 
6 
5 

6 
6 
5 
6 
6 
5 
6 
6 
5 

4&0 

2.5 

2.0 

10  0 

2&0 

.0 

23.0 

400 

40.0 

12.7 
22.6 
24.9 
34.9 
52.5 
2&0 
51.4 
207 
19.6 

17.7 
201 
22.9 
24.9 
27.5 
28.0 
28.4 
3a7 
29.6 

3.54 
4.02 
4.58 
4.98 
5.50 
&60 
&68 
&14 
&92 

80 
82 
82 
82 
82 
82 
83 
83 
84 

3.26 
3.69 
4.21 
4.58 
&05 
&15 
&20 
&61 
&40 

7426 
7791 
7791 
8162 
7014 
7669 
6795 

22.7 
21.1 
18.6 
17.86 
1&7 
14.9 
11.1 
9.62 
&12 

Propor- 
tional  

{  % 

6 
6 

5 
6 

35lO 
15.0 

11.1 
41.1 

26.1 
26.1 

&22 
&22 

85 
85 

4.74 
4.74 

8037 
8067 

16.9 
16.9 
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Sheet  A  9lb, 
Test  No.  36. 


Sheets  for  recording  testa — Continued. 

FHOTOlCBTSBr— Continued. 
[Average  barometer,  29.3.] 


Date:  Hay  28, 1900. 
Observer:  W.  T.  AlUger. 


Time  of 
taking 

Pbotometer  readings  (mm.). 

sample. 

1. 

2. 

3. 

4. 

5. 

6. 

7 

8. 

0. 

10. 

Aver- 
age. 

p.m. 
12.4&tol.l0 

402 

490 

485 

490 

490 

489 

488 

400 

480 

402 

489 

1.10  to  1.40 

484 

487 

484 

486 

484 

478 

470 

477 

478 

472 

480 

1.40  to  2.10 

489 

485 

483 

483 

480 

480 

477 

473 

473 

474 

480 

2.10  to  2.40 

475 

473 

470 

470 

470 

470 

472 

470 

409 

409 

471 

2.40  to  3.10 

481 

483 

481 

474 

473 

482 

478 

472 

476 

473 

477 

3.10  to  3.40 

490 

486 

486 

486 

486 

484 

475 

480 

478 

477 

483 

3.40  to  4.10 

639 

541 

538 

538 

539 

537 

540 

541 

545 

542 

540 

4.10  to  4.40 

662 

663 

660 

656 

652 

655 

640 

642 

665 

660 

656 

4.40  to  5.10 

1.116 

1,117 

1,123 

1,135 

1,128 

1,141 

1,163 

1,154 

1,164 

1,164 

1  140 

Propor- 

r     482 
{     471 

478 

480 

481 

477 

460 

468 

470 

468 

460 

474 

472 

471 

468 

469 

476 

477 

478 

476 

478 

474 

Sheet  A  7a. 
Test  No.  85. 


Date:  May  28, 1909. 
Observer:  W.  A.  Dunkley. 


GAS  AKALYSZS. 


Vol- 
ume 
of  gas 
(c.  c). 

CO. 

CH4. 

0^ 

CO. 

Time  of  taking  samite. 

After 
KOH 

(C.  0.). 

Per 
cent. 

After 

Br. 

(c.c). 

Per 
cent. 

After 
P. 

(c.  c). 

Per 
cent. 

After 
CuaClt 
(c.c.) 

Per 
cent. 

V.  m. 
12.45  to  1.16 

100.0 
100.0 

09.5 
100.0 
100.0 

99.7 
100.0 

99.6 
100.0 

96.8 
96.3 
96.4 
96.8 
97.4 
97.6 
08.4 
98.4 
99.0 

3.2 
8.7 
3.1 
3.2 
2.6 
2.1 
1.6 
1.2 
1.0 

88.4 
88.7 
9a6 
92.0 
94.6 
95.7 
97.5 
98.4 
98.8 

8.4 

7.6 

&8 

4.8 

2.8 

1.9 

.9 

.0 

.2 

87.8 
88.0 
90.0 
91.2 
93.8 
94.6 
96.7 
98.0 
96.5 

.7 
.6 
.8 
.8 

1.1 
.8 
.4 

2.3 

79.1 

8ai 

81.0 
82.8 
85.4 
87.0 
89.2 
91.5 
91.6 

8.7 

1.16  to  1.45 

7.9 

1.45  to  2.15 

9.0 

2.16  to  2.45 

8.4 

2.45  to  3.15 

&4 

3.16  to  3.45 

7.6 

8.45  to  4. 15 

7.5 

4.15  to  4.46 

6.5 

4.45  to  5.15 

4.9 

ProDortional 

99.4 

96.2 

3.2 

92.0 

4.2 

90.8 

1.2 

83.0 

7.8 

Sheet  A  7b. 
Test  No.  35. 


Date:  May  28, 1909. 
Observer:  W.  A.  Dunkley. 


Time  of  taking  sample. 


p.m. 
12.45  to  1.15.... 

1.15  to  1.45 

1.45  to  2.15 

2.15  to  2.45 

2.45  to  3.15 

3.15  to  3.45 

3.45  to  4.15 

4.16  to  4.45 

4.45  to  5.15 

Proportional... 


After 
CuCl 

(CO.). 


70.1 
'80.1 


81.0 
'82.8 


85.4 

Silo 


80.2 

"oi.'5 
oi.'e 


r83.i 


Vol- 
ume 
for  ex- 
plosion 
(c.  c). 


8.0 

&0 

8.0 

&0 

&0 

&0 

8.0 

8.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

10.0 

10.0 

10.0 

10.0 


8.0 
8.0 


Air  to 
(cc). 


00.3 
00.6 
00.0 
00.4 
99.5 
99.4 
08.8 
97.9 
99.6 
99. 3 
99.1 
98.8 
99.1 
99.0 
98.7 
99.3 
99.3 
99.0 


99.0 
99.2 


Vol- 
ume 
after 

explo- 
sion 

(cc). 


8&4 
8&6 
8&8 
86.1 
86.0 
85.9 
85.8 
85.1 
84.6 
84.5 
85.1 
84.9 
85.4 
85.2 
83.6 
84.1 
86.6 
86.4 


86.2 
86.6 


Con- 
trac- 
tion 
(cc). 


13.9 
14.0 
13.2 
13.3 
13.5 
13.5 
13.0 
12.8 
15.0 
14.8 
14.0 
13.9 
13.7 
13.8 
15.1 
15.2 
12.7 
12.6 


12.8 
12.6 


Vol- 
ume 
after 

absorp- 
tion 

(cc). 


79.9 
80.2 
81.2 
81.5 
82.0 
81.9 
82.1 
81.6 
81.0 
80.8 
82.0 
81.7 
83.1 
82.8 
82.0 
82.4 
85.9 
85.7 


83.0 
83.4 


Ab- 
sorp- 
tion 
(cc). 


5.5 
5.4 
4.6 
4.6 
4.0 
4.0 
3.7 
3.5 
3.6 
3.7 
3.1 
3.2 
2.3 
2.4 
1.6 
1.7 
.7 
.7 


3.2 
3.2 


CH4 

(per 
cent). 


54.4 
53.4 
46.1 
46.1 
40.6 
40.5 
38.3 
36.2 
34.2 
35.1 
30.1 
30.9 
22.8 
23.8 
14.7 
15.6 
6.4 
6.4 


33.1 
33.1 


H, 

(per 
cent). 


19.1 
21.2 
26.7 
27.3 
37.1 
37.1 
38.6 
40.0 
49.3 
46.8 
50.2 
48.4 
60.1 
59.5 
73.0 
72.4 
69.0 
68.5 


44.3 
42.7 


N, 

(per 
cent). 


5.1 


7.0 
'3.9 


6.3 
2.7 


7.5 
6.1 


4.1 
i6.*6 


7.0 
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Shbkt  a  8a. 
Test  No.  36. 


Sheets  far  recording  tests — Continued. 

Date:  May  28, 1900. 

Observers:  W.  A.  Dunkley,  D.  F.  fltaitth. 

TAB. 


Source. 

Weight.  ' 

Volume. 

Time  of  taking 
sample. 

Gross 
(gms.). 

Tare 
(gms.). 

Net 
(gms.). 

Net 
(lbs.). 

Jar. 

Tar. 

Total 
(c.  c). 

Excess 
(c.  e.). 

c.  c. 

Gals. 

p.tn, 
12.40  to  1.10 

Condenser 

do 

1.421 

1,580 

1,370 

840 

1,441 

1,317 

703 

74C 

1,515 

802 

1,340 

674 

1.106 

417 

562 

453 

500 

461 

500 

447 

398 

708 
621 
573 
594 
612 
626 
613 
632 
745 
757 
790 
627 
794 
385 
G9 
425 
428 
448 
455 
425 
387 

713 

959 

797 

246 

839 

691 

90 

114 

770 

45 

550 

47 

314 

32 

133 

28 

81 

13 

45 

22 

11 

1.567 

2.110 

1.752 

.541 

1.824 

1.520 

.198 

.251 

1.695 

.099 

1.210 

.103 

.691 

.070 

.292 

.062 

.178 

.029 

.099 

.048 

.024 

1,720 

1,800 

1,830 

1,790 

1,830 

1,660 

1,810 

1,770 

1.700 

1.820 

1,810 

1.750 

1,800 

930 

910 

910 

950 

940 

930 

920 

920 

1,100 

970 

1,200 

1,560 

1,100 

1.200 

1.680 

1,660 

1,000 

1,780 

1,320 

1.740 

1.540 

920 

800 

910 

860 

920 

900 

915 

920 

620 

a'V) 

630 

230 

730 

460 

130 

110 

700 

40 

490 

10 

280 

10 

110 

0 

90 

20 

30 

5 

0 

0.164 
.220 

1.10  to  1.40 

do 

Separator  inlet. 

Condenser 

.....  do ......... 

.166 
.061 
.193 

.122 

1.40 14>  2.10 

Separator  fnlet. 
Condenser 

Separator  inlet. 

Condenser 

Separator  inlet. 

Ooodeoser 

Separator  inlet. 

Condenser 

Separator  inlet. 

Condenser 

Separator  inlet. 

Condenser 

Separator  inlet. 
Condenwr 

.033 
.029 

2.10to2.40 

.185 
.010 
.130 

2.40  to  3.10 

.OOB 
.089 

3.10  to  3. 40 

.003 
.029 

3.40  to  4.10 

.000 
.024 

4.10  to  4.40 

.006 
.008 

4.40  to  5.10 

.001 
.000 

6,430 

1.485 

Sheet  A  8b. 
Test  No.  35. 


Time  of  taking 
sample. 


Date:  May  28, 1909. 

Observers:  W.  A.  Dunkley,  D.  F.  Smith. 


Sooroe. 


p.  m. 

12.40  tor  1 .  10 Separator  outlet. 

1.10  to  1.40 do 

1.40  to  2.10 do 

2.10  to  2.40 do 

2.40  to  3.10 do 

3.10  to  3.40 do 

3.40  to  4.10 ' do 

4.10  to  4.40 do 


Carried  from  sheet  No.  A  8a. 


Weight. 


Gross 
(gms.). 


2,259 
2,262 
1.940 
1.9.10 
1.822 
1.675 

765 


Tare  I  Net 
(gms.).  (gms.). 


595 
751 
608 
792 
617 
583 
4.15 
458 


1.664 

1,511 

1,332 

1.168 

1.205 

992 

504 

307 


8.673 
6.430 


15,103 


Net 
(lbs.). 


3.661 
3.324 
2.930 
1.448 
2.&51 
2.180 
1.110 
.675 


33.267 


Volume. 


Jar. 


Total 
(c.  c). 


1.840 
1.850 
1,800 
1,840 
1.800 
1,810 
930 
940 


Excess 
(c.  c). 


340 
500 
610 
840 
800 
1.000 
600 
700 


Tar. 


c.  c 


1,500 

1,360 

1,190 

1.000 

1.000 

810 

430 

240 


Gallons  per  ton. 


^:^f^^^  17.2  gallons  per  ton  of  coal  as  charged. 

^^Ml^~  "  ^®-^  &^^  per  ton  of  dry  coal. 
3  443V2  000 

- — ^'^  19.5  gallons  per  ton  of  coal  ash  and  moisture  free. 


Gals. 


0.397 
.356 
.314 
.265 
.266 
.214 
.114 
.063 


1.1 
1.455 


3.443 
5 


17.215 
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Bhbkt  AOa. 
Test  No.  35. 


Sheets  for  recording  tetie — Contdiiued. 


Date:  May  28, 1909. 

Observers:  D.  F.  Smith,  W.  A.  Dtukley. 


AMMONIA. 


Time  of  taking 
sample. 


f.  Til. 
10. 
1.10  to  1.40.. 
1.40  to  2.10.. 
2.10  to  2.40.. 
2.40  to  3.10.. 
3.10  to  3.40.. 
3.40  to  4.10.. 
4.10  to  4.40.. 


3,602 

2,320 

1,447 

887 

500 

107 

116 

61 


Weight  of  sample 
for  analysis 
(grams). 


32.608 

35.887 

34.151 

37.735113 

40.881 

33. 

40.255 

36.426 


12  < 

13!  410122. 
12.78521. 


96012.886 


16. 
13. 


910 
410 
785 
407 
805 
^o 
814 


40223 


4> 


19.098 
1.477 

•  ouO 

24.328 

16.80524.076 

21.0S2 

23.441 

.024 


26.5 
25.0 
27.0 
40.0 
35.0 
25.0 
35.0 
36.0 


» — ^ 

I 


o 


27.8 
26.2 
28.4 
42.0 
36.8 
26.2 
36.8 
37.8 


13.3 
13.4 
3.6 
3.0 
2.7 
1.3 
8.0 
8.0 


8 

I 


H 

o 


14.0 
14.1 
3.8 
3.2 
2.8 
1.4 
8.4 
9.3 


Weight  of  NHa. 


0.234 
.206 
.418 
.660 
.579 
.422 
.483 
.485 


0) 


1.19 
.92 
1.96 
2.71 
2.40 
2.00 
2.06 
2.10 


Total. 


42. 
21. 
28. 
24. 
12. 

3. 

2. 

1. 


90 
26 
40 
10 
00 
94 
39 
28 


Gas. 


136.27 


i 


o 


0.0945 
.0468 
.0625 
.0530 
.0264 
.0087 
.0053 
.0028 


.2998 
.9769 


1.2767 
6 


6.3835 


Sheet  A  9b. 
Test  No.  35. 


Date:  May  28, 1900. 
Observer:  Morgan. 


Time  of  taking 
sample. 


f.  fit. 
03. 

1.05  to  1.36.. 
1.37to2i)5.. 
2.08  to  2.32.. 
2.34  to  2.69.. 
3.08  to  3.33.. 
3.36  to  4.02.. 

4.06  to  4.40.. 
4.44  to  5.12.. 


o 

M 


3 
2 
1 
3 
2 
1 
3 
2 
1 


1.134 
1.128 
1.134 
1.134 
1.126 
1.134 
1.134 
1.126 
1.134 


149 
206 
216 
197 
2S0 
255 
222 
239 
84 


26.25 

26.25 

26.25 

29.4 

29.3 

20.4 

26.25 

26.25 

26.8 


8 

■ 
I 

X 

d 


25.0 
25.0 
25.0 
28.0 
26.0 
28.0 
25.0 
25.0 
25.5 


11.65 
13.12 

9.88 
10.29 
22.25 

4.73 
10.5 

5.80 

9.61 


8 
I 

X 

o 

09 

S5 


11.1 

12.5 
9.4 
9.8 

21.2 
4.5 

10.0 
5.6 
0.15 


Weight  of  NH«. 


Total. 


0.248 
.223 
.278 
.325 
.086 
.420 
.268 
.346 
.292 


0.000546 
.000491 
.000612 
.000715 
.000189 
.000025 
.000590 
.000761 
.000643 


o 

o 
En 


0.0718 
.0900 
.1165 
.1242 
.0420 
.2080 
.1153 
.1615 
.0476 

.9769 
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Sheets  for  recording  tests — Ck>ntinued. 


Sheet  A 10. 
Test  No.  35. 


TAB  TUBZS. 


Date:  May  28, 1900. 
Observer:  W.  A.  Dunkley. 


Time  of  taking  sample. 


12.40  to  1 


.of: 


m. 


1.08  to  1.32.. 
1.40  to  2.04.. 
2.08  to 2.29.. 
2.33  to  2.68.. 
3.03  to 3.24.. 
3.27  to  3.62 . . 
3.67  to  4. 19.. 
4.22  to  4.47 . . 


Source. 


F.  and  A. 

outlet. 
...  .do . . . . 

I  •  ■  •  •%A\#  •  •  •  • 

....do.... 

do.... 

—  .do.... 

— .do . . . . 

..-.do.... 

....do.... 


Tank 
No. 


8 

7 
8 
7 
8 
7 
8 
7 
8 


Capac- 
ity of 
tank 
(cubic 
yards). 


1.026 

1.042 
1.026 
1.042 
1.026 
1.042 
1.026 
1.042 
1.026 


Oas 

made  in 

period 

(cubic 

feet). 


167.1 

189.6 
207.6 
187.4 
197.3 
204.1 
236.6 
184.4 
205.9 


Weiditoftar 
uibe. 


Gross 
(grams). 


30.098 

27.024 
27.927 
25.435 
21.826 
26.901 
30.926 
26.634 
26.869 


Tare 
(grams). 


28.609 

25.638 
26.887 
24.812 
21;  242 
26.286 
30.363 
26.148 
25.466 


Weight  of  suspended  tar 
and  water. 


Tank 
(grams). 


1.523 

1.386 
1.040 
.623 
.684 
.616 
.563 
.486 
.413 


Unoor- 
rected 
(cubic 
feet). 


1.485 

1.330 
1.014 
.598 
.670 
.690 
.649 
.466 
.403 


Period. 


233.6 

2S2.0 
210.6 
112.0 
112.7 
120.3 
129.2 
89.7 
83.0 


Sheet  A  10a. 
Test  No.  35. 


HAPKTHALBKE  ZIT  TABS. 


Date:  May  24, 1909. 
Observer:  W.  A.  Dunkley. 


Time  of  taking 
sample. 

Tank 
No. 

(Capac- 
ity of 
tank 
(cubic 
liBet). 

Oas 

made  in 

period 

(cubic 

feet). 

Weight  of  U  tube 
(grams). 

Num- 
ber of 
hours 
run. 

CioHi  naphthalene  (milligrams). 

Tnitial. 

Final. 

Cor- 
rected. 

Tank. 

Per 
cubic 
foot 

Period. 

p.m. 
12.40  to  1.05 

8 
7 
8 
7 
8 
7 
8 
7 
8 

1.026 
1.042 
1.026 
1.042 
1.026 
1.042 
1.026 
1.042 
1.026 

167.1 
189.6 
207.6 
1S7.4 
197.3 
204.1 
235.6 
184.4 
205.9 

7.1087 
10.0009 
.7447 
2.2067 
1.3814 
7.1657 
8.6033 
6.5011 
7.1667 

7.1205 
10.0063 
.7506 
2.2116 
1.3866 
7.1606 
8.6099 
6.6069 
7.1688 

12 
16 
10 
10 
10 
10 

7 
10 

7 

6.8 
10.4 
9.2 
8.1 
8i6 
7.2 
8.9 
9.1 
4.4 

6.6 
9.9 
8.9 
7.7 
8.3 
6.9 
8.7 
8.6 
4.3 

880 

1.06  to  1.32 

1,876 
1,848 
1,430 
1,637 
1,407 
2.060 
1,587 
887 

1.40  to  2.04 

2.06  to  2.29 

2.33  to  2.68 

3.02  to  3.23 

3.27  to  3.52 

3.67  to  4.19 

4.22  to  4.47 

Sheet  A  10b. 
Test  No.  35. 


HAPHTHALERX  ZIT  GAS. 


Date:  May  24, 1909. 
Observer:  W.  A.  Dunkley. 


Time  of  taking 
sample. 


p.  m* 
12.40  to  L06.. 
1.08  to  1.32... 
1.40  to  2.04... 
2.06  to  2.29... 
2.33  to  2.68... 
3.02  to  3.23... 
3.27  to  3.62... 
3.57  to 4.19... 
4.22  to 4.47... 


Tank 
No. 


8 
7 
8 
7 
8 
7 
8 
7 
8 


Capac- 
ity of 
tank 
(cubic 
feet). 


1.026 
1.042 
1.026 
1.042 
1.026 
1.042 
1.026 
1.042 
1.026 


Oas 

made  in 

period 

(cubic 

feet). 


157.1 
189.5 
207.6 
187.4 
197.3 
204.1 
235.6 
184.4 
205.9 


Weight  of  U  tube 
(grams). 


InltiaL 


7.1655 

2.2068 

6.5011 

10.8796 

10.0013 


1.3824 
9.0716 
8.8960 


Final. 


7.1677 

2.2170 

6.6087 

10.8817 

10.0067 


1.3882 
9.0753 
8.9044 


Num- 
ber of 
hours 
run. 


19 
7 
7 

13 
7 


13 

13 

7 


Naphthalene  (mOligrams). 


(Cor- 
rected. 


8.9 
12.6 
9.1 
6.4 
9.7 


10.1 

8.1 

10.7 


Tank. 


Cubic 
feet 


8.3 
11.3 
8.4 
5.8 
8.9 
10.0 
9.4 
7.4 
9.9 


Period. 


2,160 
1,746 
1,068 
1,772 
2,041 
2,200 
1,364 
2,080 
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COMPTTTATIONS  FOB  ILLXJMINATINa-aAS  TESTS. 

FOBM  B  1. 

GOAL  AVD  OOSB. 
I.  Coftl: 

LcKaiit^lZIZZ/to  ^  taken  from  dsta  cards  according  to  sample  numbers  on  sacks. 

»  weight  of  screenlnffs 

Screen  test:  Per  cent  screened  out  by  Mnch  bar  screen  -  weight  of  total  coal  put  over  screen 

Analyses  of  coal  and  coke  to  be  copied  from  analyses  of  samples  taken  on  date  of  test. 

Weight  of  oocU  charged  to  be  taken  from  data  sheet 

Weight  of  dry  coal  —  weight  of  coal  X  (100  —  per  cent  of  moistore  in  oocU). 

Weight  of  coal,  ash  and  moistore  free  —  weight  of  oocU  X  (100  —  per  cent  of  moisture  and  ash 

in  coal). 

Length  of  gasifjring  period  —  time  of  drawing  less  time  of  charging.    Express  in  hours  and  minutes 

and  also  in  decimals  of  hours. 

Example:  5:11-12:38  —  4  hrs.  33  min. 

■i  4.65  hrs. 

Place  results  on  Sheet  C  1. 

U.  Coke: 

Weight  of  dry,  unquenched  coke  from  data  sheet 

o  *   »^         1    ju^  IV       ^      weight  of  dry  coke 

Per  cent  of  dry  coke  from  coal  as  charged-      weight  of  coal  ' 

_  weight  of  dry  coke 

Per  cent  of  dry  coke  from  dry  coal-  ^^ght  of  dry  caal 

Weight  of  coke,  ash  and  moistore  f^ee,  to  be  obtained  from  analysis  of  coke  by  multiplying  weight 

of  dry  coke  by  (100  —  per  cent  ash  in  coke). 
Per  cent  of  coke  ash  and  moisture  f^'ee  on  coal  ash  and  moisture  free  — 

weight  of  coke  ash  and  moisture  free 

weight  of  coal  ash  and  moisture  free 

Weight  quenched  coke  after  draining hrs.    From  data  sheet 

Per  cent  moisture  in  quenched  coke. 

Screen  test:  Weight  quenched  coke  screened pounds. 

Weight  coke  through  screen pounds. 

weight  of  screenings 
Per  cent  of  coke  foiling  through  finch  bar  screen- coke  breese-  weight  of  coke  screened 

Weight  of  lump  coke  —  weight  of  coke  screened  —  breese. 

Place  results  on  Sheet  C  1. 

Form  B2. 

BXTOKT  TEMPESATirBB. 

Retort  temperature,  both  inside  and  outside.  Correct  according  to  calibration  curve  of  P3nometer,  making 
allowance  for  temperature  of  cold  Junction.  If  readings  are  in  centrigrade  scale,  convert  to  Fahren- 
heit 

Plat  interior  and  exterior  curves  in  degrees  Fahrenheit.    See  Sheet  C  2. 

Find  average  exterior  temperature. 

Place  result  on  Sheet  C  1. 

FoBM  B3. 

PBX88TmBS--OAa-]fADE. 

Plat  volume  of  gas  made,  cubic  feet,  uncorrected,  by  five-minute  intervals.    Sheet  C  2. 

Tabulate  yield  of  gas,  uncorrected,  by  haU-hour  intervals,  expressing  last  half  hour,  If  incomplete, 
fractionally. 

Example:  0  (i)  —  20.    Sheet  C  3. 
Total  gas  made,  unoonected  —  final  meter  reading  —  initial  meter  reading  +  the  volume  of  gas  used  In 
ammnnifc  and  naphthalene  sampling. 

Example:  2357—280+9—2086.    Correct  for  error  In  station  meter,  if  any,  and  for  temperature 
and  pressure  according  to  standard  tables,  gas  saturated  with  moisture  at  a  temperature 
of  60*  F.  and  a  barometric  pressure  of  30  inches.    Place  on  sheet  C  3. 
Example:  Temperature  of  gas  at  outlet  of  meter  —  54*  F. 

Barometer  —  29.6  inches;  correctfon  factor  —  1.001. 
Factor  on  station  meter  —  1.00. 
2077X1.00X1.001-2079. 
Find  correct  yield  of  gas  by  half-hour  intervals  In  same  manner  as  total  gas.    Place  on  sheet  C  3  and  plat 

on  Sheet  C  4. 

_-.  ,  -   ,         ^  ,  ^    *      1       V       J  corrected  yield 

Yield  of  gas  corrected  per  pound  of  coal  as  charged  -  ^^gjj^-^f^53^^^^ 

Yiekl  of  gas  oomcted  per  pound  of  dry  coal-  VF^^hTofd^^ 

Yield  of  gas  oorwcted  per  pound  of  dry  coal  ash  and  moisture  free-  weight  of  J^j'!^ht^''^lsture  free 
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FOBM  B4. 

GEKEBAL  TBMPBBATITBE8. 

Average  eondetuer  temptraturet;  Mpamtor  inlet  and  outlet  temperahnret. 

Find  average  temperature  of  water  in  meter. 

Find  average  temperature  of  gas  at  outlet  to  meter. 

Apply  calibration  correction  to  averaged  temperatures  from  thermometer  oaUbration  sheet 

In  case  any  readings  are  in  the  centigrade  scale,  convert  to  Fahrenheit. 

FoBM  B5. 

oalobucbtbb. 

Check  ca!ctiIatio&s  on  dat^  sheet 

Correct  gas  volume  to  00"  F.  and  30  inches  barometer,  according  to  tables. 

_   .       kHograms  of  water  (av.  outlet  temperature  —  av.  inlet  temperature)  x  8.W8 

B.tu.  gross corrected  gas  used ' 

B.  t  u.  net  —  B.  t  u.  —  (.6  X  c.  c.  condensed  water  X  8.MB).  Obtain  the  average  B.  t.  u.  by  multiplying 
the  cubic  feet  of  gas  made  each  half  hour  by  the  heating  vahie  of  the  respective  samples,  adding  to> 
gether  the  B.  t .  u.-feet  thus  found  and  dividing  by  the  total  number  of  feet  of  gas  made.  Place 
on  Sheet  C  3. 

Plat  gross  and  net  B.  t  u.  according  to  Sheet  C  i. 

FOBM  B  6. 

PHOTOMBTBB. 

Check  calculations  on  data  sheet. 

To  obtain  gas  burned  per  hour  proceed  as  follows: 

Each  revolution  of  the  large  hand  is  one-twelfth  cubic  foot,  Which,  by  observations  of  one  minute, 

gives  the  rate  in  cubic  feet  per  hour.   The  small  hand  passes  over  a  dial  graduated  from  0  to  50.    If 

the  small  hand  does  not  pass  ov^r  the  cero  during  a  test,  the  gas  burned  per  hour  (uncorrected)  is 

obtained  by  subtracting  the  initial  reading  from  the  finid  and  dividing  by  the  time  in  minutes. 

Example:  46—15—30. 

Time,  G'  10''-0.16  min. 

30      * 
Consumption  uncorrected  "oiq"*^'^* 

If  the  small  hand  passes  the  sero  during  a  test,  subtract  the  initial  reading  from  SO  and  add  it  to  the 

final. 

Example:  Initial  40,  final  20.  50-40+20-30. 

Correct  cousumption  to  60*  F.  and  30  inches  barometer,  from  tempenture  taken  at  photometer  meter. 

Place  on  Sheet  A  6a. 
Obtain  tabular  number  lh>m  table  corresponding  to  average  photometric  reading.    (This  for  Helher 

lamp  and  2,500-mm.  bar.)    Place  on  Sheet  A  6a. 

fv»  HI  tabular  number 

uanmepower  —  ^QRected  consumption 

Place  candlepower  on  Sheet  C  8  and  plat  aooordlng  to  Sheet  C  4. 

Obtain  the  calculated  average  candlepower  by  multiplying  the  candlepower  for  eai^  half  hour  by  the 

cubic  feet  of  gas  made  in  the  half  hour,  adding  together  these  figures  for  candl»4tet  for  all  the  half 

hours  and  dividing  by  the  total  make  of  gas.    Place  on  Sheet  C  3. 

FoBM  B  7. 

GAS  AITALTBIB. 

Check  cateulations. 

COt,  CtHx,  O,  and  CO—  peroentages  read  directly  when  100  c.  c.  sample  is  taken. 

^„  _vol.  after  CO  absorption  X  (vol.  after  explosion— vol.  after  absorption  of  COj) 

*~  vol.  taken  for  explosion 

This  volume  CH4  indicates  percentage  if  100  c.  c.  sample  is  taken. 

vol.  after  CO  ab8orptionrH{vol.  after  explosion— 2  (vol.  after  explosion— vol.  after  absorption)|1 

'"  vol.  taken  for  eKpkMton 

This  gives  percentage  if  100  c.  c.  sample  Is  taken. 
Nitrogen  is  taken  by  diilerence  between  the  sum  of  the  Os,  COs  CO,  CsH,  CH4,  and  Hsand  100.  It  should 
always  be  at  least  four  times  the  oxygen,  but  should  not  be  much  mors  than  3  per  cent  above  this 
figure.  In  case  the  nitrogen  is  excessively  high  or  low  somtiniae  all  the  figures  very  caieitxUy. 
Place  nsnlts  on  Sheet  C  5.  Plat  aooordlng  to  Sheet  O  6. 
Obtain  the  calculated  average  gas  analysis  by  multiplying  the  percentage  of  each  constttoent  in  a  half'hour 
sample  by  the  cubks  feet  of  gas  madeln  the  half  hour,  adding  together  these  figures  for  each  oon- 
stttuent  for  all  half  houiB  and  dividing  by  the  total  cubic  feet  of  gas  made.    Usee  on  Sheet  C  5. 
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FOBM  B8. 

TAR  AND  LIQVOa. 

Tar  from  oondensen.  TAke  weight  directly  from  Sheet  A  8a  for  lialf-hourpeilodi.  TJu  tar  marked  "Sepa- 
rator inlet"  ia  to  be  oounted  aajfrom  ooodensers.    Place  on  Sheet  C  7a. 

Liquor  fhmi  condenaerB.    Take  weight  directly  ih>m  Sheet  A  9a  for  halMiom-  periods.    Place  on  Sheet  C  7a. 

Tar  from  separator  outlet.    Take  weight  dioaotly  f^m  Sheet  A  8b  for  half-hour  intenrala.    Place  on  Sheet 
C7a. 

Tar  in  gas  at  outlet  of  separator. 

The  weights  of  suspended  tar  and  water  per  cubic  foot  of  gas,  uncorrected,  are  obtained  from  Sheet  A 10 

and  pfaMed  on  Sheet  C  7b,  column  2.    Gohimn  1  of  Sheet  C  7a  is  obtained  from  oolamn  1  of  Sheet  A 

10;  the  time  of  emptying  each  aspirator  tank  is  taken  and  to  this  time  is  added  half  of  the  few 

minutes'  interval  required  to  change  tanks,  it  being  assumed  that  in  this  interval  the  yield  of  tar 

does  not  vary  materially.   The  weight  of  nonvolatile  tar  is  the  difference  between  the  weight  of 

the  tar  tube  after  the  volatile  constituents  of  the  tar  have  bean  removed  and  its  Initial  weight. 

Place  in  column  3  of  Sheet  C  7b.    The  weight  of  tar  as  sampled  is  calculated  Itom  this  figure  by 

multiplying  by  a  factor  to  be  determined  experimentally  for  each  test.    Thegas  made  in  the  period 

is  not  to  be  corrected  to  standard  conditions,  since  the  gas  in  the  aspimtor  tank  was  not  thus  cor> 

rected.   The  weight  of  tar  per  period  is  obtained  by  multiplying  the  tar  as  sampled  by  the  gas 

made  in  the  period.   These  figures  are  then,  for  ease  of  comparison  with  other  tests,  calculated  to 

even  half-hour  periods,  a  sufficient  part  of  the  seoond  sample  being  added  to  the  firat  to  make  the 

total  equivalent  to  an  ezaot  half-hour  run. 

Example.  Period.      Weight  of  tar. 

38min.  50  grams. 

31  min.  60  grams. 

2 
Weight  of  tar  in  first  half  hour  —  SO+jjXOO. 

Place  in  last  column  of  sheet  C  7b  and  also  in  third  column  of  Sheet  C  7c. 

Total  weight  of  tar  hi  grams—  sum  of  tar  from  condenser,  tar  from  separator,  and  tar  in  gas  pasBing 

separator. 

^,      ,         weight  in  grams 

Total  tar  in  cubic  centhnetere-gp^jgy^^  ^^^^y  ^^  average  sampiS 

The  spedflc  gravity  of  average  sample  will  be  found  on  data  sheet. 

c  c  tar 
Gallons  of  tar  per  charge — -y^gg— 

gallimsperehane  X  2,000 
Total  gallons  of  tar  per  ton  of  coal  as  charged weight  of  charge — 

X       #j  1     gallons  per  charge  X  2,000 

Total  gallons  of  tar  per  ton  of  dry  coal -^3,gljt^,^^y^j^^^jlj3,^ 

gallons  per  charge  X  2,000 
Totalgallonsof  tar  per  ton  of  coal  ash  and  moisture  free-^igjj^^^,^^^^!  moisture  free  charged 

^    ^  ,,^       ,  ^       ,      weight  of  tar  from  separator 
Percentage  of  tar  removed  by  separator  by  half-hour  intervals— ~ — total  tar  for  interval — 

Plat  total  tar  and  liquor  by  half-hour  intervals  acoordlng  to  Sheet  C  8. 

Form  B  9. 

AMICOHXA. 

NH«  in  liquor: 

Weight  of  liquor  for  each  iieriod  from  data  sheet. 
Weight  of  sample—  groas  weight— tare  weight. 

Galoulation:  c.  c  H^04  used  X  factor  — normal. 

c.  c.  NaOH  used  X  tactar — normal. 

Subtract  and  diflerenoe — c.  c.  normal  NHb. 

c.  c.  normal  NHiX  .0170— weight  of  NHs  in  grams. 

,^,„  ,  ,  weight  of  NH« 

Percentage  of  NH.  in  sample- ^^j^j^^  of  sample  for  analysis 

Weight  of  NHi  in  liquor  for  period  -weight  of  liquor  X  percentage  of  NH|. 

Calculate  percentage  of  NHt  from  condenser—  sum  of  half-hour  periods  in  grams. 

NH«  in  gas  at  inlet  of  separator. 

Galcoktlon  of  analysis,  as  above,  gives  weight  of  NHs  per  tank. 

^      weight  of  NHs 
NHs  per  cubic  foot  uncorrected  -^j^p^^y  ^j  ^^^ 

It  is  a89umed  that  the  temperature  and  preesure  of  gas  in  tank  are  the  sama  as  in  the  atatior  meter. 
NHs  for  intervals  of  emptying  tank —NHs  par  cubic  foot  uncorrected  X  unoofraoCed  make  of  gas  for 

same  interval. 
NHs  for  even  half-hour  intervals  to  be  calculated  in  same  manner  as  tar  at  outlet  of  sepantor.   See 

Sheet  B  8a. 
Total  NHs  at  inlet  to  separator-sum  of  Intervals  hi  grams. 
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Total  NH|  by  half-hour  intervals—  sum  of  oorrespondlog  NHs  in  liquor  and  in  gas  inm  chaige. 

Total  NHi-sum  of  NH|  in  liquor  +  NHi  in  gas. 

«       J     .^TT»          ^           weight  in  grams 
Founds  of  NH»  per  ohaige— — ^"453;6 

•r»       J     M^^^        «~w»          J     ,      ,       ^       J    pounds  per  charge  X  2,000 
Pounds  of  NBj  per  2,000  pounds  of  coal  as  ohaiged-*^  weight  of  charge 

■r.       ^     *  *T^         « «^  J,     *  JM  ,     pounds  per  charge  X  2,000 

Pounds  of  NH^  per  2,000  pounds  of  dry  ooal-^eight  of  dry  coal  charged 

Pounds  of  NH,  per  2,000  pounds  of  coal,  ash  and  moisture  free- —j^^^^^^^^^^^^ 
Flat  total  NHs  by  half-hour  intervals  according  to  Sheet  C 10. 

FOBM  B  10. 

KAPKTHALEKS. 

Naphthalene: 

We.)ght  of  naphthalene  in  U  tubes—  final  weight  —  Initial  weight  +  correction  of  milUgrams  for  each 

hour's  run. 
Naphthalene  in  gas  (Sheet  C  11a): 

Weights  in  column  8  of  Sheet  A  10a  indicate  results  per  tank. 

Weight  of  CioHi  per  interval — weight  per  cubic  foot  X  gas  made  in  interval  (uncorrected). 

Calculate  results  to  even  half-hour  periods  as  in  Sheet  B  8.    Place  on  Sheet  Gila. 

Calculate  naphthalene  per  cubic  foot  of  gas  corrected  by  dividthg  the  naphthalene  per  half  hour  (column 

6  of  Sheet  C  lla)  by  the  corrected  gas  made  per  half  hour  (column  2  of  Sheet  C  3).    Piaoe  on  Sheet 

C4d. 
Tabulate  saturating  temperature  for  CioHi  in  gas  at  outlet  of  separator  noting  whether  description  of 

corresponding  tar  tubes  shows  crystalline  naphthalene.    Place  on  Sheet  C  1 1  a. 
Naphthalene  in  tar  collected  by  tar  tubes: 

Correct  the  miillgrams  of  CioHs  per  period  as  given  in  last  column  of  Sheet  .\  lla  to  even  hiilf  houn. 

Put  on  Sheet  C  lla,  column  3. 
Copy  weight  of  tar  from  column  3  of  Sheet  C  7c  to  column  2  of  Sheet  C 1  la. 
Obtain  percentage  of  naphthalene  in  tar  by  dividing  column  3  by  column  1. 

Form  B  ii.  

SXTLPHUli. 

HsS  at  outlet  of  scrubber: 

Correct  meter  reading  to  60*  F.  and  30  inches  barometer  according  to  U.  G.  I.  tables. 

Weight  of  cadmium  sulphide  X  .236 — weight  of  HaS  tn  grams  per  volume  of  gas  shown  by  meter. 

weight  of  H^S 
Weight  of  HiS  in  grams  per  ci^ic  feet  of  gas  -  ^iuine"ofgas 

Grains  of  HtS  per  100  cubic  feet  of  gas -weight  of  HaS  X  100X16.432. 

Grams  HiS 

|-g^g — —  volume  of  H|S  in  c.  c. 

Volume  of  HaS  in  c.  c.        .,   ,    ^   ^„„ 
2gg22 —cubic  feet  of  HtS. 

cubic  feet  of  H|S 
Cubic  feet  of  gas  cor^ted  to  29.92  inches  and  32-  T."  percentage  of  HsS  by  volume. 

SPECIMEN  COKPUTATION  SHEETS. 

Sbsst  B  1.  Test  No.  86. 

COAL. 

Coal  A.  A.  No.  12;  Harrisbuig,  Salhie  County,  111. 

Screenings 27.9  per  cent. 

Analysis  of  Coal. 

(See  Sheet  C  1.) 

Weight  charged pounds..     400 

Weight  dry  coal do....     381 

Weight  ash  and  moisture  free 6o 358 

Length  of  gasifying  period 4hrs.40min.  4.67]us. 

Bhebt  B  la.  Test  No.  35. 

con. 

Weight  dry,  unquenched poands..  249 

Per  cent  diy,  unquenched  from  coal  as  charged 62.8 

Per  cent  dry  coke  from  dry  coal 65.4 

Weight,  coke,  ash  and  moisture  free pounds 

Par  cent  coke  substance  on  coal  substance 61.8 

Weight  quenched  coke  after  draining  63  hours pounds..  343 

Percent  moisture  in  quenched  coke 27.4 

Per  cent  screeningB 6.7 
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8BIKT  B  3. 


Specimen  computation  sheets — Continued. 


GAS  TZSLD  BT  aALF-HOUB  nrTSaVALS. 


Test  No.  36. 


HaU-hour  period. 


1 

2 

3 

4 

5 


Yield,  an- 

corrected 

(cubic  feet). 


185 
105 
210 
228 
244 
246 


Yield,  cor- 
rected (cu- 
bic feet). 


178 
187 
202 
210 
234 
236 


Half-hour  period. 


7 

8 

9 

9^.... 


Yield,  un- 
corrected 
(cubic  feet). 


232 

176 

91 

7 


1,814 


Yield,  coi^ 

rected  (cu- 
bic feet). 


223 

109 

87 

6 


1,741 


Gas  made .  total  uncorrected oublc  feet . . 

SampwB  for  CioHg 

Samples  for  NHs 

Samples  for  HaS 


barometric  preaeure inches . . 

ATcnie  temperature •? . . 

Factor  for  canyersion ..•.. 

CorreqMmdhag  yield— 1,833  X -95* cubic  feet.. 

Oonesponding  yield  per  pound  coal  as  charged do 

Oonespondlng  yield  per  pound  dry  coal ^ .  do 

Conesponding  yield  per  pound  dry  coal  ash  and  moisture  fkee do 


1,814 
9 
9 
1 

1.833 


Shebt  B  5. 


T«t  No.  35. 


AVBBAOX  HXAT  VALI7B  OF  OAS. 


Hatf>hour  period. 


1. 

2. 

^ 
o. 

4. 

5. 

6. 

7. 

8. 

9. 


Average  heat  value. 


Oasmade 
(cubic  feet) 


178 
187 
202 
219 
234 
236 
223 
109 
87 


Orossheat 

value 
(B.  t.  u.). 


a850 
775 
606 
676 
626 
582 
513 
455 
402 


1,735 


QrosB 

weight 

(grams). 


151,200 
144,900 
140.400 
148,000 
146.500 
137,300 
114,400 
77,000 
35,000 


1,094.700 
632 


Net  heat 

value 
(B.  t.  u.). 


8HKRB6. 


a  Interpolating  vahw  for  lost  sample. 


CAVDLXPOWZ&  or  OAS. 


780 
706 
624 
610 
555 
524 
452 
404 
351 


Net  weight 
(grams). 


138,800 
132.000 
126,100 
133.500 
129,800 
123,600 
100.700 
68,  .100 
30.500 


983.300 
56M 


Ttot  No.  35. 


;  Gas  made 
Hatf>hoar  period.  '    (cubic 

feet). 


Results  averaged. 


1 

2 

3 

4 \ 

5 • 

6 


Candle-      Candle 
feet. 


178  I 
187  ' 
202 
219  I 
S4  i 

I 


22.7 
21.1 
l%.o 
17.8 
15.7 
14.9 


Oasmade 
Half-hour  period,    i    (cubic 

.     toet). 


Results  averaged. 


4.CM0  7. 

3.ft50  8. 

3, 740  9. 
.3.900 

3,520 


1.7J5 


C^ndle- 


15,2 


Candle 
feet. 


223 

%7 

11.1 
6.2 
L2 

2,471) 
UH 

26.454 
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SHKXTB7. 


Specimen  computation  sheeU — Continued. 


GAS  AVAX.YBX8. 


Teat  No.  36. 


k 


5^ 


1.. 

2.. 

8.. 

i.. 

6.. 

6. . . 

7.. 

8.. 

9.. 


178 
187 
702 
219 
234 
236 
223 
109 
87 


1,735 


3.2 
3.7 
8.1 
3.2 
2.6 
2.1 
1.6 
1.2 
1.0 


2.6 


570 
691 
625 
700 
606 
495 
357 
203 
87 


4,336 


8.4 

7.6 

5.8 

4.8 

2.8 

1.9 

.9 

.0 

.2 


3.7 


1,490 

1,420 

1,170 

1,0S0 

655 

449 

206 

0 

17 


6,457 


Of 


§ 


0.6 
.7 
.6 
.8 
.8 

1.1 
.8 
.4 

2.3 


.8 


107 
131 
121 
175 
187 
260 
178 
68 
200 


1,427 


OO. 


& 
Ai 


8.7 
7.9 
9.0 
&4 
&4 
7.6 
7.5 
6.5 
4.9 


7.9 


% 


1,550 
1,470 
1,820 
1,840 
1,960 
1,790 
1,670 
1,100 
426 


13,626 


CH4. 


53.9 
46.1 
40.5 
37.3 
34.7 
30.5 
23.3 
15.1 
6.4 


33.5 


9,600 
8,610 
8,180 
8,170 
8,110 
7,200 
5,200 
2,550 
556 


Hs. 


58,176 


b 

^ 


20.1 
27.0 
37.1 
39.3 
48.1 
49.3 
59.8 
72.7 
68.7 


45.6 


3,580 

5,060 

7,500 

8,600 

11,300 

11,600 

13,300 

12,300 

5,970 


19,200 


N^ 


§ 


5.1 
7.0 
3.9 
6.3 
2.7 
7.6 
6.1 
4.1 
16.5 


ao 


907 
1,310 

787 
1,380 

632 
1.770 
1,360 


1,440 


10, 


8HEKT  B  8. 


Tost  No.  35. 


CALOTTULTIOV  OF  CUBIC  FBXT  OF  OAS  FOR  PEBIODS  SHOWV  OK  SKBST  A 10,  TASBV 

FBOM  MXTSa  BBADIKOS  OF  5-lCnnrTE  ZHTXaVALS. 

(See  Sheet  A  4.) 

The  flnt  period  te  taken  from  12.40  to  1.05  p.  m.    To  this  is  added  1}  minutes  of  the  next  period,  or  three> 

tenths  of  the  quantity  of  gas  flowing  in  the  5-niinute  interval  between  1.06  and  1.10  p.  in.    In  the  period 

from  1.06i  to  1.36,  to  the  readings  from  1.10  to  1.35  are  added  3^  of  the  former  period  and  one-flfth  of  the 

5 
period  following. 


1644 


12.40  to  1.06}  p.  m.: 
UX3.1 


—  167.1. 


1.06i  to  1.36: 
^^+(34(^-185)+ JX34-  mji, 

1.36  to  2.06: 
gX34+(553-380)+^-  207.6. 

2.06  to  2.31: 

14^+(740-690,+  ^i^- 187.4. 
6  6 

2.31  to  8.00}: 

4X39  .5X41 

^^+  (980^18) +-^T^- 197.3, 


3.00}  to  3.26}: 

4^X41+(llg4„l(l2i)+.iX^«2041. 
6  5 

3.26}  to  3.54}: 

i^+(i88^.m6)+i5^-m«. 


8.54}  to  4.20: 
.5x43 


.5X31 


-5—  +(1606-1428)+— y-  - 184.4. 

4.20}  to  5.20: 
^•^^^^  +(1814-1636)- 206.9. 
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8HEKT  B8a 


Specimen  compiUation  sheeU — Continued. 


Test  No.  35. 


CALCXrULTlOVI  OF  TAB  STTSPENDBD  IB  OAS  AT  OUTLET  OF  SEPABATOB  FOB  HALF- 
EOUB  PEBIOD8,  FBOM  WXIGKTS  OF  TAB  FEB  PEBIOD  AS  SAMPLED. 

(See  Sheet  C  7c.) 

The  duration  of  the  first  period  was  26.5  minutes.    To  calculate  for  30-mhiute  period,  3.5  minutes  of  the 
next  period  are  added  to  this,  I.  e.,  in  the  next  period  48  grams  of  tar  were  delivered,  and  the  rate  per  minute 

for  this  period  is  ^   For  3  minutes  it  will  be  3.5X  ^ 


For  the  half-hour  period  No.  2, 29—3.5*26.0  minutes  are  taken  plus  4  minutes  of  the  period  following. 


2A.nV4J 

(2) 


50.4. 


26.0X48    4X65.4    „  ^ 
t- — 5n-— 51.0. 


29.5 


30 


(3) 
<4) 
(5) 


26X65.4,  4X46.7    ^  ^ 
+— o= — —63.5. 


30 


27 


23X46.7    7X47.3 

27      "^   29.5  '^^lO- 

22.5X47.3    7.5X46.5 

-+    —i^ — -60.0. 


29.5 
Sheet  B  9. 


25 


17.5X46.5.12.5X45 
00    -OS + — ss — -52.0. 


25 


29 


,  ,    16.5X45    13.5X19.9    ^^  ^ 
(7)    — oS — + ^ —52.6. 


(8) 


29      "^        26 
12.5X19.9    17.5X20.5 


26 


+- 


59.5 


-15.6. 


(9)    —^^-^-10.3-14.4 


59.5 

12X20.5 
59.5 


-4.1. 


AXMOKIA. 

Quantity  of  gas  taken  for  determining  ammonia. 


Test  No.  85. 


Time  of  .sampling. 

Meter  readings  (cu- 
bic feet). 

Time  of  sampling. 

Meter  readings  (cu- 
bic feet). 

Cor- 
rected. 

Uncor- 
rected. 

Cor- 
rected. 

Uncor- 
rected. 

12.40  to  1.04  p.  m 

148 
353 
568 
764 
1.013 
1,267 

149 
206 
216 
197 
250 
255 

3.35  to  4.03  p.  ra '        1,488 

4.03  to 4.42  p.  m i.72fi 

222 

1.04  to  1.36  p.  m 

239 

1.36  to  2.07  p.  m 

4.42  to  5.12  p.  m 

1,809 

84 

2.07  to  2.33  D.  m  . 

2-33  to  3.04  p.  m 

1  »ifi 

1,818 

3.04  to  3.36  p.  m 

1                *  '  "*"' 

Aspirator  tanks,  9. 


Calculation  of  ammonia  in  gas  for  half-hour  intervals. 

(See  Sheet  C  9a.) 


Time  of  sampling. 


12.40  to  1.04  p.  m 

1.04  to  1.36  p.  m 

1.36  to  2.07  p.  m 

2.07  to  2.33  p.  m 

2-33  to  3.06  p.  m 

3-05  to  3.35  p.  m 

3.35  to  4.04  p.  m 

4.04  to  4.42  p.  m 

4.42  to  5.13  p.  m 

99788*'— Bull.  6—11 6 


Weight  of  NHa. 


Corrected     weight 
(grams). 


38(30-  ... 
30    30rH2! 


} 
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Sheet  B  lib. 


Specimen  eamputction  sheets — Continued. 

WXIOHT  OF  HAPHTHAIAVE. 

Weight  of  naphthalene  (CioHg)  in  tar  for  half-hour  periods. 


.880-3.5X1.875    ,  ,« 

— 29:5 ^•^*' 

26X1.875    4X1.848    ,  ggg 


29.5 


30 


26X1.848    4X1.430 

+ TPi — -1.81. 


30 


27 


23X1.430    7X1.637 
27        ""•■    29.5 

22.5X1.637    7.6X1.407 


29.5 


+ 


25 


-1.606. 
1.713. 


17.6X1.407    12.6X2.050 

-H on —  1 .  875. 


25 


29 


16.5X2.050    13.5X1.587 

29        +        26        ■=1-992. 

12.5X1.587    17.5X.887 


26 

42.  OX.  887 
59.5 


+ 


59.5 


>.  vvD. 


-.628. 


Weight  of  naphthalene  in  (Cjofli)  in  gas  for  half-hour  intervals. 


1.3D44 


3.5X2.27 


29.5 


-1.573. 


26X2.15    4X1.745 

"T        on        ■■  2. 13. 


29.5 


30 


26X1.745    4X1.068 


30       "* 


27 


■  1.71. 


23X1.088    7X1.772 

27       ■*■    29.5    "l-^- 
22. 5X1. 772    7.5X2.04 


29.5 


-+— 


25 


-1.96. 


17.5X2.04    12.5X2.20 

"+  00  ^*.  Oo. 


25 


29 


1:6.5X2.20    13.5X1.364 

+ iws —1.96. 


29 


26 


12.5X1.364    17.5X2.08 


26        "^ 
42X2.08 
59.5    -I-'*'- 


59.5 


-1.26. 


Test  No.  35. 


Sheet  B  lid. 


HAPETHALEITE  DATA. 


Test  No.  35. 


1. 
2. 
3. 
4. 
6. 
6. 
7. 
8. 
9. 


Half-hour  period. 


Total . . . 
Average 


Weight  of 

naphtha* 

tene 


Yield  of 
gas  cor- 
rected 


(grams) .  1  (cubic  feet) . 


1.67 
2.13 
1.71 
1.35 
1.96 
2.38 
1.96 
1.26 
1.47 


178 
187 
202 
219 
234 
236 
223 
169 
93 


Weight  of 
naphtha- 
lene per 
cubic  loot 
(grams). 


8.8 

11.4 

8.5 

6.2 

8.4 

10.1 

8.8 

7.5 

15.8 


Tempera- 
tureof  naph- 
thalene 
saturated 
(•  F.). 


85.5 
9.5 


60 
64 
60 
54 
60 
63 
60 
59 
70 


550 
61 


Tempbbatube  and  Weight  or  Saturated  Naphthalene  Vapor. 


Tempera- 
ture (*F.). 


70 
60 

50 


Weight 
(grams). 


15.5 
8.4 


4.5 


-7.1 


-3.9 
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SHEETS  FOB  BECOBDINa  COMPTTTED  DATA. 

Sheet  C  1.  Date:  May  28, 1900. 

Test  No.  35.  Coal:  Hanisbuig,  111. 

RBTORT  DATA. 

Coal  A.  A.  No.  12.  Mine  location:  Harrisburg,  111. 

Per  cent  screened  out  by  2-inch  bar  screen:  27.0. 

Weight  of  coal  charged pounds. .  400 

Weight  of  dry  coal do ... .  381 

Weight  of  coal  ash  and  moisture  free do 353 

Weight  of  dry  coke do 249 

Weight  of  coke  drawn,  ash  and  moisture  free do 218 

Per  cent  on  ooal  charged 62. 3 

Per  cent  on  dry  ooal 66. 4 

Per  cent  on  coal  substance 61. 8 

Length  of  gasifying  period 4  hrs.  40  min.  (4.67  hrs.) 

Average  temperature  outside  retort •  P. .  1, 779 

For  make  of  gas  and  retort  temperature,  both  inside  and  outside,  see  curves,  Sheet  C  2  (fig.  7). 

Moisture  in  quenched  coke  after  draining  63  hours per  cent. .  27. 4 

Coke  breese  (through  }-inch  bar  screen) do 6. 7 

Lump  coke do 93. 3 

Remarks  on  appearance  of  coal:  Over  ]-inch  screen;  bright  and  clean;  lumps  up  to  5  inches. 

Remarks  on  appearance  of  coke:  Dark  color;  easily  broken. 

Remarks  on  condition  of  retort:  Badly  covered  on  top  with  carbon;  temperature  low. 

Analysis  or  Coal  and  Coke. 


Moisture 

Ash 

Volatile  matter 

Fixed  carbon 

Sulphur  separatelv  determined 
B.  t.  u.  per  pounu. 


Coal  as 
charged. 


4.66 

7.19 

34.44 

63.71 


Dry  coal. 


100.00 

1.96 

12,919 


7.54 
36.13 
56.33 


100.00 

2.06 

13,650 


Dry  coke. 


12.30 

2.22 

85.48 


100.00 

2.08 

12,427 
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Figure  7.~Retort  temperatoresi  6-minute  periods,  test  35  (Sheet  C  2). 
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Sheets  for  recording  computed  data — Continued. 
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Figure  8. 


15 


Sheet  C  3. 
Test  No.  35. 


20       25       30       35      40 
FIVE-  MINUTE    PERIODS 
-Yield  of  gas,  .5-m!nute  periods,  test  a>(Sheet  C  2) 

GAS  MADE. 


45       50       55 


Date:  May  28, 1909. 
Coal:  Hanisbuiig,  111. 


Total  quantltv  of  gas  made  (corrected) cubic  feet. .  1, 741 

Oas  per  pound  of  coal  as  charged do —    4. 35 

Oas  per  pound  of  dry  coal do 4. 57 

Gas  per  pound  of  ooal,  ash  and  moisture  free do 4.  M 

For  make  of  gas  (uncorrected)  by  5-minute  intervals,  see  curve,  Sheet  C  2  (fig.  S). 


Ilalf-hour  period. 

Gas*made,  cor- 
rected (cubic  feet). 

Candle- 
power. 

Heating  value 
(B.  t.  u.). 

Per 
charge. 

Per  2,000 
pounds 

coal 
charged. 

Gross. 

Net. 

1 

178 
187 
202 
219 
234 
236 
223 
169 
87 
6 

890 

935 

1.010 

1,095 

1.170 

1,180 

1,115 

845 

435 

30 

22.7 
21.1 
18.5 
17.8 
16.7 
14.9 
11.1 
6.2 
1.2 

o670 
775 
695 
676 
626 
582 
513 
455 
402 

a  616 

2 

706 

3 

624 

4 

610 

5 

555 

6 

524 

7 

452 

404 

9... 

- 

351 

91 

^m'  • 

.\verage 

15.2 
16.9 

6632 
C654 

<>568 

Propprtional  sample 

d582 

a  Leak  in  connections;  no  good. 

0  In  calculating  these  averages,  the  value  for  test  half  hours  was  inteipclated  as  850  gross  and  780  net. 

c  Average  of  two  determinations,  641  and  666. 

d  Average  of  two  determinations,  569  and  594. 

For  graphic  representation  of  above,  see  curves,  Sheet  C  4  (fig.  9). 
Remarks  on  any  of  above: 
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ShuUfor  recording  computed  data — Continued. 
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HALF- HOUR    PERIODS 
Figure  9.— Yield  and  quality  of  gas,  hall-hour  periods,  lest  35  (Sheet  C  4). 


SHKKT  C  5. 
Test  No.  35. 

OAS  ANALYSES. 

Date:  May  28, 1909. 
Coal:  Harrisburg.  111. 

Half-hour  period. 

COf. 

C.Hte, 
etc. 

0,. 

CO. 

cn,. 

H,. 

N,. 

1 

3.2 
3.7 
3.1 
3.2 
2.6 
2.1 
1.6 
1.2 
1.0 

8.4 
7.6 
6.8 
4.8 
2.8 

':!! 

.0 
.2 

0.6 
.7 
.6 
.8 
.8 

1.1 
.8 
.4 

2.3 

8.7 
7.9 
9.0 
8.4 
&4 
7.6 
7.5 
6.5 
4.9 

53.9 
46.1 
40.5 
37.3 
34.7 
30.5 
23.3 
15.1 
6.4 

20.1 
27.0 
37.1 
39.3 
48.1 
49.3 
59.8 
72.7 
68.7(T) 

5.1 

2 

7.0 

3 

3.9 

4 

6.3 

5 

2.7 

6 

7.5 

7 

6.1 

8 

4.1 

9 

16.6(r) 

Proportional  tank 

Computed  average 

3.2 
2.5 

4.2 
3.7 

1.2 
.8 

7.8 
7.9 

33.1 
33.5 

43.8 
45.6 

7.0 
6.0 

For  graphic  representation  of  above,  see  curves,  Sheet  C  6  (fig.  10;. 
Remarks  on  any  of  above: 


70 


COALS  FOR  TLLUMIJTATING-GAS  MANUFACTURE. 


SheeUfor  recording  computed  data — Continued. 
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HALF- HOUR    PERIODS 

FIOUBE  10.— Composition  of  gas,  half-hour  periods,  test  35  (Sheet  C  6). 

Shekt  C  7a.  t)ate:  May  28, 190». 

Test  No.  35.  Coal:  Hairisburg,  III. 

WEIGHT  OF  LIQUOR  AND  TAR. 

Weight  of  Amiioniacal  Liquor  and  Tar  from  Coal  Charged,  by  IlALr-HoxTR  Intervals  (Graks). 


Ilalf-hotir  period. 


Weight 
of  liquor 
from  eon- 
denser. 


Weight  of  tar. 


From  con- 
denser. 


1 

3,602 

2 

2.320 

3 

1,447 

4 

887 

5 

500 

6 

197 

7 

116 

8 

61 

9 

2.715 

1,610 

929 

597 

346 

161 

94 

67 

11 


9,130 


6,530 


From 
sepftfstor. 


1,664 

1,511 

1,332 

1,158 

1,205 

992 

504 

307 


8,673 


Passini^ 
separator. 


.50.4 
51.0 
63.5 
51.0 
50.0 
52.0 
52.5 
15.6 
14.4 


Total. 


4,429.4 

3.172.0 

2,324.5 

1.806.0 

1,601.0 

1,205.0 

650.5 

389.6 

25.4 


400.4  1     15.603.4 
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Sheets  for  recording  computed  data — Ck)ntinued. 

WEIGHT  OF  LZQUOB  AVD  TABr-Gontinued. 

WEIOHT  or  AKlfONIAGAL  LiQUOB  AXD  TAB  PER  TOK  Or  COAL  AS  CHARGED,  BT  HALF-HoUR  IMTKRVAIS 

(Pounds). 


Weight 
of  liquor 
from  con- 
denser. 

Weight  of  tar. 

HalMiour  period. 

From  con- 
denser. 

29.85 

17.71 

10.22 

6.56 

3.80 

1.67 

1.03 

.73 

.12 

From 
sepctrator. 

Passing 
separator. 

Total. 

1 

39.70 

25.57 

15.98 

9.77 

5.51 

2.17 

1.28 

.67 

18.30 

16.62 

14.65 

7.24 

13.25 

10.90 

5.55 

3.37 

0.55 
.55 
.69 
.55 
.55 
.67 
.57 
.17 
.16 

48.70 

2 

34.88 

3 

25.56 

4 

14.36 

5 

17.60 

6 

13.14 

7 

7.16 

8 

4.27 

9 

.28 

100.65 

71.60 

89.88 

4.36 

165.93 

For  graphic  representation  of  above,  see  Sheet  C  8  (fig.  11). 
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FioxTRB  11.— Yield  of  liquor  and  tar,  hall-hour  periods,  test  35  (Sheet  C  8) 
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Sheets  for  recording  compiUed  data — Continued. 


SSEET  c  7b. 

7est  No.  3& 


Date:  May  28, 1909. 
Coal:  Harrisburg,  HL 


TAR  AT  ZXTLET  AlTD  OUTLET  OF  SEPABATOB. 

[AU  weights  in  grams.] 

At  Ixlet. 

[Not  taken.] 

At  Outlet. 


Weight  of 

suspended  material  per 

Weight  of  tar  as 

cubic  foot  of  gas,  uncorrected. 

Oasmade 

sampled. 

Sampling 
perioa  and 

in  sam- 
pling period 

time  out 

Tar  as 

sampled, 

calculated.a 

per  cubic 

Per  half- 

(minutes). 

Tar  and 
water. 

Nonvola- 
tile tar. 

foot,  un- 
corrected. 

Per  sam- 
pling period. 

hour 

period,  cal- 

ciiIar4Hl. 

26.5 

1.485 

0.190 

0.285 

157.1 

44.7 

fiO.4 

29.5 

1.330 

.109 

.253 

189.5 

48.0 

61.0 

30.0 

1.014 

.210 

.315 

207.6 

65.4 

63.5 

27.0 

.166 

.249 

187.4 

46.7 

51.0 

29.5 

.570 

.160 

.240 

197.3 

47.3 

60.0 

25.0 

.500 

.152 

.228 

204.1 

46.5 

62.0 

29.0 

.  u4v 

.128 

.192 

235.5 

45.0 

52.6 

28.0 

.466 

.072 

.108 

184.4 

19.9 

15.6 

69.5 

.403 

.067 

.100 

205.9 

20.5 

b  14.4 

o  Tar  as  sampled  equals  nonvolatile  tar  multiplied  by  1.5,  as  determined. 
b  42  minutes. 


Sheet  C  7c. 
Test  No.  35. 


Date:  May  28, 1909. 
Coal:  Ilarrisburg,  111. 


ELDfZXTATIOF  OF  TAR  BY  SEPABATOB. 


naif-hour  period. 


1 
2 
3 
4 

6 
6 

7 
8 
9 


Actual 

weight 

of  tar 

removed 

Cgrams). 


Calculated  weight  of 
tar— 


At  outlet 
(grams). 


1,664 

1.511 

1,332 

1,158 

1.205 

992 

604 

307 

0 

8,673 


(?) 


60.4 
61.0 
63.5 
61.0 
60.0 
62.0 
62.6 
15.6 
14.4 

400.4 


At  Inlet 
(grams). 


1.714,4 

1,562.0 

1,395.5 

1,209.0 

1,265.0 

1,044.0 

656.5 

322.6 

14.4 

9,073.4 


Per  cent  of 
siun  of  tar 
removed. 


97.0 
96.7 
96.6 
96.6 
96.0 
95.0 
90.6 
95.4 


95.2 


Aven^ 
temperap 

tureat 
Inlet  CF.). 


169 

128 

105 

99 

106 

106 

101 

93 

89 

110 
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Sheet  C  9a. 
Test  No.  35. 


Sheets  for  recording  computed  data — Continued. 

AXMONIA. 

Ammonia  in  Liquor  from  Condensers. 


Date:  May  28, 1909. 
Coal:  Harrisburg,  111. 


5 


o 

»- 

s 

I 

CO 

I 

c: 

2 


% 


X 


n 


Length  of 
sampling 

period 
(minutes). 

1 

NHsln 

sample 

(l>er  cent). 

1 
1 

Weight 

ofNH,. 

Total,  in 
sample 
(grams). 

Per 

minute, 

calculateil 

(grams). 

Per  half-hour  period, 
calculated. 

1 

Grams. 

Pounds. 

30 
30 
30 
30 
30 
30 
30 
30 

1.19 
.92 
1.96 
2.71 
2.40 
2.00 
2.06 
2.10 

42.90 

21.2ti 

28.40 

24.10 

12.00 

3.94 

2.39 

1.28 

1.43 

.71 
.94 
.«0 
.40 
.13 
.08 
.04 

(1)  42.90 

(2)  21.26 

(3)  28.40 

(4)  24.10 

(5)  12.00 

(6)  3.94 

(7)  2.39 

(8)  1.28 

0.0945 
.0468 
.0625 
.0530 
.0264 
.0087 
.0053 
.0028 

• 

136.27 

.2998 

1 
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HALF  -  HOUR    PERIODS 

FiOTTBS  12.— Yield  of  ammonia,  half-boor  periods,  test  86  (Sheet  C 10). 
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COAI^  FOR  ILLUMINATING-GAS   MANUFACTUBB. 


Sheets  for  recording  comptUed  data — Continued. 
A]ai0HIA-O>ntlnaed. 

AMMONIA  m  QA3  at  INLET  TO  SEPABATOR. 


SampUng 

penoaand 

timeout 

(minutes). 

Weight  of 
NSbper 

cubic  foot 

of  gas 
(grams). 

Oaamade 

in  period, 

uncorrected 

(cubic  feet). 

Weight  of 
NHi  in 

sampling 
period 

(grams). 

Weight   of  NHt  per 
half-hour  period,  cal- 
culated. 

Oiams. 

Pounds. 

24 
32 
31 
26 
32 
30 
20 
38 
30 

0.210 
.196 
.245 
.287 
.076 
.370 
.236 
.307 
.257 

140 
206 
216 
107 
250 
255 

230 

84 

32.6 
40.8 
63.0 
56.5 
10.1 
04.5 
52.5 
73.6 
21.6 

(1)  40.2 

(2)  40.0 

(3)  52.7 

(4)  54.2 

(5)  30.6 

(6)  87.0 
<7)    66.0 
(8)    68.1 
(0)    25.4 

0.0885 
.0880 
.1160 
.1100 
.0674 
.1030 
.1210 
.1280 
.0650 

1 

444.1 

444.1 

.0760 

Ammonia  per  Charge  and  per  Ton  or  Coal,  by  Half-Hour  Periods. 


Half-hour  period. 

KH|  i>er  charge 
(pounds). 

NHiper  ton  of  coal  (pounds). 

From 
condenser. 

At  separa- 
tor inlet. 

From 
condenser. 

Atsepara* 
tor  inlet. 

TotaL 

1,^ 

0.0945 
.0468 
.0625 
.0530 
.0264 
.0087 
.0053 
.0028 

0.0885 
.0880 
.1160 
.1100 
.0674 
.1930 
.1210 
.1280 
.0550 

0.472 
.234 
.312 
.265 
.132 
.043 
.026 
.014 

0.442 
.440 
.580 
.505 
.337 
.966 
.606 
.640 
.280 

a  014 

2 

.074 

3 

.803 

4 

.860 

5 

.460 

6 

1.008 

7 

.6S1 

8 

.664 

9 

.280 

.2098 

.0709 

1.500 

4.88 

6.38 

Total  NHs  per  2,000  pounds  of  coal  as  charged 

Total  NHaper  2,000  pounds  of  dry  coal 

Total  NH«  per  2,000  pounds  of  coal,  ash  and  mixture  pee 

For  graphic  representation  of  ammonia  yield,  see  Sheet  C  10  (fig.  12). 


.pounds..  6.38 
— do....  6.70 
....do....  7.2 


Sheet  C  lla. 
Test  No.  85. 


Date:  May  34, 1000. 
Coal:  Harrisburg,  m. 


ITAPHTHALZn  AT  01TTLET  OV  8EPAKAT0R. 

Naphthalene  Dissolved  in  Suspended  Air. 
[AH  weights  in  grams.] 


Half-hour  period. 

Weight  of 

tar  from 

Sheet  C  7c. 

Per  cent  of 

naphthalene 

in  tar. 

Weight  of 

naphthalene 

in  tar. 

1 

50.4 
51.0 
63.5 
51.0 
50.0 
52.0 
52.5 
15.6 
14.4 

2.3 
3.7 
2.8 
3.1 
3.4 
3.6 
3.8 
6.2 
4.4 

1.180 
1.806 
1.810 
1.606 
1.713 
1.875 
1.002 
.066 
.628 

2 

3 

4 

5 

6 

7 

8 

9  (42  minutes) 

400.4 

Av.  3. 7 

13.066 
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Sheets  for  recording  eompuUd  data — Continued. 

HAPKTHAIiBn  AT  OTTTLBT  OF  SSPABATOB^-Xkmtintied. 
Nathtbalenx  ab  Vapob  in  Qas. 


Sampling 
perioaand 

timeout 
(minutes). 

Weight  of 

naphthalene 

per  cubic 

loot  of  gas, 

uncorrected. 

Oasmade 

In  period, 

uncorrected 

(cubic  feet). 

Weichtof 

naphthalene 

in  sampling 

period. 

Weight  of 
naphthalene 

calculated 

to  half-hour 

periods. 

26.5 
29.5 
80.0 
27.0 
20.5 
25.0 
20.0 
26.0 
60.5 

.0083 
.0113 
.0064 
.0058 
.0080 
.0100 
.0094 
.0074 
.0090 

157 
189 
207 
187 
197 
204 
235 
184 
206 

1.303 
2.150 
1.745 
1.088 
1.772 
2.041 
2.200 
1.364 
2.080 

(1)  1.57 

(2)  2. 13 

(3)  1. 71 

(4)  1.35 

(5)  1.96 

(6)  2.38 

(7)  1.96 

(8)  1. 26 

(9)  1.47 

15.70 

C  lib. 
Tcft  No.  86. 


Date:  May  24, 1900. 
Coal:  Harrisburg,  111. 


TOTAL  WEIGHT  OF  NAPHTHALENE. 


Weight  of  tar  from  oondensei grams. .    6,530 

Weight  of  tar  from  separator do 8, 678 


Per  cent  of  naphthalene  in  condenser  tar. 
Per  cent  of  naphthalene  in  separator  tar  . 


15,208 


Weight  of  tar  passipg  separator  as  mist grams. 

Per  cent  of  naphthalene  in  tar 


400 
8,7 


Weight  of  naphthalene  as  vapor  in  gas  passing  separator grams. 

Total  weight  of  naphthalene  per  charge  of  coal do. . . 

Total  weight  of  naphthalene  per  2,000  pounds  of— 


toinapt 
Goal  as  charged. 

Dry  coal 

Coalsubttanoe.. 


do., 

do. 

do. 


380.00 

14.80 
15. 7» 

410.59 

2,042.00 


C  lie 
Test  No.  35. 


NAPHTHALENE  AND  SULPHUR. 
Naththalxne  pxb  Cubic  Foot  op  Qas  at  Separator. 
[All  weights  in  milligrams.) 


Date:  May  24, 1909. 
Coal:  HaiTlsburg,  111. 


Half-hour  period. 


1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 


Naphthalene  as  va- 
por in  gas  per 
cubic  foot,  cor- 
rected. 


Inlet. 


Outlet. 


9.5 


T  e  m  p  e  rature  of 
naphthalene  sat- 
urated. 


Average   tempera- 
ture of  separator. 


Inlet. 


OuUet. 


&8 

60 

11.4 

64 

8.5 
6.2 
8.4 
10. 1 
8  8 

60 

...•••••-• 

54 

60 

63 

60 
59 
70 

7.5 

15.8 

Inlet. 

OuUet. 

• 

130 

^ 

116 

Q 

103 

«j 

100 

£ 

101 

:S 

99 

00 

96 

1 

93 

92 

105 


Sulphur. 

Hydrogen  sulphide  at  outlet  of  fresh-water  scrubber: 

Per  cubic  Ibot milligrams. .  900 

Per  100  eubio  feet grains..  1,300 

Hydrogen  sulphide  at  outlet  of  iroiH>xide  purifler: 

Test  with  lead  acetate  paper Negative. 

Total  sulphur  in  purified  gas  determined  on  proportional  sample: 

Per  cubic  foot mlUigrams . .  Not  taken. 

Per  100 cubic  feet grains..  Not  taken. 
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THE  RATE  OF  FORMATION  OF  CARBON  MONOXIDE  AT  HIGH 

TEMPERATURES. 


By  J.  K.  Clement,  L.  H.  Adams,  and  C.  N.  Haskins. 


EXPERIMENTAIi  INVESTIGATIONS. 

By  J.  K.  Clbment  and  L.  H.  Adams. 
INTBODXrCnON. 

SCOPE  AND  PURPOSE  OP  INQUIRY. 

In  the  course  of  its  investigations  of  the  fuel  resources  in  the  United 
States  and  of  the  methods  by  which  these  resources  could  be  utilized 
with  greatest  efficiency,  the  United  States  Geological  Survey  tested 
a  great  variety  of  coals  and  lignites  as  gas-producer  fuel.  Early  in 
these  tests  it  was  found  that  many  factors  controlling  the  formation 
of  gas  in  the  generating  chamber  of  the  producer  and,  consequently, 
having  a  direct  bearing  on  the  management  of  producer^gas  plants, 
were  not  as  well  understood  as  they  should  be.  The  Geological 
Survey  therefore  took  up  a  detailed  investigation  of  the  chemical 
and  physical  processes  that  take  place  in  the  producer,  keeping  in 
view  not  only, the  possibiUty  of  increasing  the  efficiency  of  the  pro- 
ducer as  a  source  of  energy,  and  the  ensuing  benefits  to  the  public  of 
cheaper  power  and  greater  utiUzation  of  low-grade  fuels,  but  also 
the  application  of  the  results  to  the  problems  of  boiler-furnace 
operations. 

The  Bureau  of  Mines,  to  which  the  testing  and  analyzing  of  fuels 
as  carried  on  by  the  United  States  Geological  Survey  has  been  trans- 
ferred, is  continuing  producer^gas  investigations  at  the  testing  sta- 
tion at  Pittsburg,  Pa.  Results  of  the  gas-producer  tests  ^  made  at 
the  coal-testing  plant  erected  at  St.  Louis,  Mo.,  and  of  a  study  of 
some  of  the  problems^  that  came  up  in  the  tests  have  been  published 

a  U.  8.  0«ol.  Survey  BnU.  No6.  261, 200, 832,  and  Prof.  Paper  No.  48. 
»  U.  8.  Oeol.  Siiryey  Bull.  No.  388. 
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by  the  Geological  Survey.  Results  of  the  tests  made  at  Norfolk, 
Va,,  and  Pittsburg,  Pa.,  and  of  further  studies  of  particular  prob- 
lems, will  be  published  by  the  Bureau  of  Mines. 

In  the  gas  producer  solid  fuel  is  transformed  into  more  readily 
combustible  gaseous  fuel.  The  transformation  is  relatively  slow  and 
consists  of  several  processes: 

1.  The  distillation  of  the  volatile  hydrocarbons  from  the  freshly 
fired  fuel  at  relatively  low  temperatures. 

2.  The  combustion  of  the  fuel  by  its  combining  with  the  oxygen 
of  the  air  forming  carbon  dioxide  (CO,). 

3.  The  formation  of  carbon  monoxide  (CO)  and  hydrogen  (H,), 
the  essential  constituents  of  producer  gas,  in  accordance  with  the 
equations: 

I.  C02+C=2CO 
11.  H30+C=CX)+H, 

The  reactions  represented  by  these  two  equations  are  most  impor- 
tant in  the  process  of  producer-gas  generation,  and  it  is  with  the  first 
reaction  that  this  chapter  has  to  do. 

In  experiments  made  by  one  of  the  writers^  at  the  fuel-testing 
plant  of  the  United  States  Geological  Survey  at  Norfolk,  Va.,  it  was 
f oimd  that  the  temperature  in  the  fuel  bed  of  the  gas  producer  varied 
greatly  in  different  parts  of  the  bed.  In  order  to  ascertain  the  con- 
ditions of  temperature  most  favorable  to  the  efficient  operation  of 
the  producer,  it  became  necessary  to  determine  the  temperature 
required  for  the  formation  of  carbon  monoxide  and  hydrogen  in 
accordance  with  the  above  reactions. 

Another  reason  for  investigating  the  conditions  for  the  reduction 
of  carbon  dioxide  by  carbon  was.  that  a  small  quantity  of  carbon 
monoxide  is  invariably  contained  in  the  flue  gases  of  boiler  furnaces 
and  it  was  hoped  that  a  means  might  be  suggested  of  preventing  its 
formation  and  the  resulting  loss  in  furnace  efficiency. 

BOUDOXTABD'S  INVESTiaATIOXS. 

An  elaborate  series  of  determinations  of  the  amount  of  CO  formed 
at  different  temperatures  was  made  by  O.  Boudouard.^  The  obser- 
vations were  made  at  temperatures  of  650°,  800°,  and  926°  C.  In 
his  experiments  at  650°  and  800°  C.  glass  tubes  containing  char- 
coal, coke,  retort  carbon,  or  lampblack  were  filled  with  CO,,  heated 
to  the  desired  temperature,  and  then  sealed.  The  tubes  were 
maintained  at  constant  temperature  imtil  equilibrium  was  reached; 

a  Clement,  J.  K.,  and  Orine,  H.  A.,  U.  S.  Qeol.  Survey  Bull.  No.  303, 1909,  pp.  15-27. 

5  Boudouard,  O.,  Comptes  lendus  de  I'Acadamie  des  Sciences,  voL  128, 1800,  pp.  824, 1524;  voL  130, 1900, 
p.  132;  vol.  131, 1000,  p.  1204.  Bulletin  8oo.  Chim.,  Paris,  vol.  21, 1000;  voL  25, 1001;  Ann.  de  CUniie  et  de 
physique,  aer.  7,  toL  24,  p.  854, 1001.  See  also  Haber,  Friti»  Tbennodynamloa  of  techninal  fM  zmoOods, 
1006»p.81L 
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that  is,  until  further  heating  at  the  same  temperature  produced  no 
increase  in  the  percentage  of  GO  present.  At  650°  C.  the  heating 
was  continued  for  12  hours  before  equilibrium  was  attained.  At 
800°  C.  equilibrium  was  reached  in  1  hour  in  the  tubes  containing 
charcoal  and  in  2^  hours  in  those  containing  lampblack.  With  coke 
and  retort  carbon  the  process  was  not  complete  at  the  end  of  9  hours. 
In  the  experiment  at  925°  C.  the  carbon  was  heated  in  a  porcelain 
tube,  through  which  was  passed  a  stream  of  COj.  The  average 
time  of  contact  between  CO,  and  carbon,  calculated  from  the  data 
given  in  Boudouard's  account  of  his  experiments,  was  approximately 
30  seconds. 
A  summary  of  Boudouard's  results  is  given  in  the  following  table: 

ResulU  of  experiments  by  Botubmard  on  the  formation  of  CO. 


Temper- 

COt 

CO 

ature. 

(per 

(per 

(•  C). 

cent). 

cent). 

650 

61 

39 

8D0 

7 

63 

925 

4 

96 

These  values  «have  been  made  the  basis  of  computations  by  many 
writers  on  the  chemistry  of  combustion  and  the  water-gas  reaction, 
and  have  been  especially  prominent  in  treatises  on  the  gas  producer. 

In  the  first  references*  to  Boudouard's  work  which  came  to  the 
attention  of  the  writers,  no  reference  was  made  to  the  remarkably 
low  reaction  velocity  of  the  formation  of  CO  from  COj  and  carbon, 
and  of  the  great  length  of  time  required  to  obtain  the  percentages  of 
CO  which  are  given  in  the  above  table.  In  at  least  one  case  the 
values  given  in  the  table  were  oflFered  as  representing  the  quahty  of 
the  gas  that  should  be  obtained  in  the  gas  producer  at  the  tempera- 
tures stated.*  The  writers  were,  therefore,  at  first  led  to  regard 
Boudouard's  figures  as  defining  the  relative  proportions  of  CO,  and 
CO  which  should  be  formed  in  a  gas  producer  at  the  various  tem- 
peratures of  the  fuel  bed,  but  such  a  view  is  quite  erroneous,  as  the 
following  experiments  show: 

EXPERIMENTS  BY  THE  AT7THOBS. 
OBJECT   OF   EXPERIMENTS. 

The  experiments  which  form  the  theme  of  this  chapter  had  origi- 
nally as  their  object  a  critical  repetition  of  Boudouard's  experiments, 
and  a  continuation  of  them  at  higher  temperatures.    Preliminary 

•Haber,  Frits,  Thfirmodynamik  Tedmischer  Oas  Reaktionen.  Munich  and  Berlin,  1905,  p.  293.  Fnehs, 
Pttol,  Qeoerator-,  Eraftgas-,  und  Damplkessal-  Betrieb  in  Betug  auf  Wfirme- eneugong  ond  Wlrme 
wnfidung,  2nd  edition,  190S. 

ft  Fudis,  loc.  cit. 
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experiments,  made  by  C.  S.  Hudson,  demonstrated  that  the  amount 
of  CO  formed  at  a  given  temperature  depends  lai^ly  upon  the  tixae 
of  contact,  or,  in  other  words,  on  the  rate  of  flow  of  the  gas  through 
the  fuel  bed.  Apparently  Boudouard's  results  represented  the 
limitii^  values,  which  could  be  obtained  only  with  a  veiy  low  gas 
velocity.  In  order  to  ascertain  the  conditions  for  the  formation  of 
CO  in  producer  furnaces,  it  was,  therefore,  necessary  to  determine 
the  rate  of  formation  of  CO  from  CO,  and  carbon  at  various  tem- 
peratures; that  is,  to  determine  the  amount  of  CO  formed  with 
diSerent  rates  of  flow  of  the  gas  through  the  fuel  bed. 

APPABATUS. 

Reaction  tube  and  electric  furnace. — The  arrangement  of  the 
apparatus  is  shown  in  Plate  I,  and  details  of  construction  are 
given  in  figure  1  and  figure  2.     A  porcelain  tube  of  1.5  cm.  inside 


FiQDSi  1.— Longitudinal  uid 


SBctloiu  o[  elMUio  turnaoe. 


diameter,  60  cm.  long,  and  glazed  on  the  outside,  was  filled  with 
charcoal,  coal,  or  coke,  and  heated  in  an  electric  furnace  (Plate  I), 
which  was  designed  especially  for  this  investigation,  and  is  shown 
in  detail  in  figure  2.    This  furnace  has  been  operated  continuously 


FioiTBi  3,— Longitudinal  sectloD  o[  reaction  tube. 

for  a  period  of  6  months  at  temperatures  of  from  800°  to  1,200^  C. 
and  of  even  1,300°  C.  The  temperature  inside  the  porcelain  tube 
can  be  maintained  at  any  value  up  to  1,300°  C.  with  no  fluctuations 
greater  than  1°  or  2°. 

The  heating  coil  is  of  No.  13  nickel  wire,  wound  with  eight  turns 
per  inch  on  an  electrical  porcelain  insulating  tube  of  38  mm.  inside 
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diameter  and  35  cm.  long.  At  either  end  of  the  coil  the  number 
of  turns  was  increased  slightly  to  compensate  for  the  cooling  effect 
at  the  end  of  the  furnace.  As  a  protection  against  corrosion  the 
coil  was  painted  with  a  thin  layer  of  magnesite  cement,  a  material 
capable  of  withstanding  very  high  temperatures.  The  heating 
tube  was  then  mounted  ioside  of  and  concentric  with  three  terra- 
cotta pipeS;  the  spaces  between  the  pipes  having  been  filled  with 
light  calcined  magnesia. 

The  cost  of  the  materials  used  in  the  furnace  and  the  amount  of 
labor  required  were  very  small.  The  energy  required  to  maintain  a 
temperature  of  1,000°  C.  was  600  watts. 

Thermocouples. — ^The  temperature  inside  the  porcelain  tube  was 
measured  by  means  of  a  platinum,  platinum-rhodium  thermocouple 
(see  fig.  2),  and  a  Siemens  &  Halske  milli voltmeter.  As  the  thermo- 
electric height  of  the  couple  fell  slightly  with  use  at  high  tem- 
peratures, probably  because  of  the  reducing  action  of  CO  on 
the  insulating  tubes  and  the  consequent  contamination  of  the  couple, 
it  was  found  necessary  to  caUbrate  the  couple  from  time  to  time. 
This  was  done  by  determining  the  melting  points  of  zinc,  silver, 
and  copper.  The  error  of  individual  temperature  observations 
does  not  exceed  b""  below  IjlOO"*  C.  nor  lO"*  to  15"*  between  1,100° 
and  1,300°  C. 

METHODS. 

The  carbon  with  which  the  porcelain  tube  was  partly  filled  was 
crushed  to  pieces  of  a  uniform  size  of  about  5  mm.  Only  the  middle 
part  of  the  tube  (see  fig.  2)  contained  carbon,  the  remainder  of  the 
space  being  occupied  by  pieces  of  broken  porcelain,  which  at  one  end 
served  to  heat  the  gas  enteriug  the  tube,  and  at  the  other  to  increase 
the  velocity  of  the  gas  through  the  region  of  falling  temperature  by 
reducing  the  size  of  the  passageway.  Through  the  porcelain  tube 
was  passed  a  stream  of  CO,.  In  the  earlier  experiments  CO,  was 
prepared  from  marble  and  hydrochloric  acid ;  later  it  was  taken  from 
a  tank  of  liquid  CX),. 

The  velocity  of  the  gas  over  the  carbon  was  determined  by  the 
dimensions  of  the  tube,  the  weight  and  density  of  the  carbon,  the 
temperature,  and  the  volume  of  gas  passed  through  the  tube  per 
minute. 

The  increase  in  the  volume  of  the  gas,  due  to  the  formation  of 
two  CO  molecules  in  place  of  every  molecule  of  CO,  which  disap- 
peared in  the  passage  of  the  gas  through  the  reaction  tube,  made  it 
difficult  to  determine  accurately  the  time  of  contact,  and  conse- 
quently the  velocity  of  the  gas. 

The  values  of  t  (the  time  of  contact)  given  in  the  tables  below  are 
based  on  the  volume  of  gas  leaving  the  tube,  and  are  therefore 
somewhat  too  low.    Since  most  of  the  expansion  takes  place  within  a 
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short  distance  from  the  entrance  to  the  tube,  the  error  introduced  is 
probably  not  appreciable. 

The  analyses  were  made  by  the  Hempel  method,  both  CO,  and 
CO  being  absorbed.  The  amount  of  gas  remaining  in  the  burette 
after  the  asborption  in  cuprous  chloride  was  seldom  greater  than 
2  per  cent. 

EXPERIMENTS   WITH   CHARCOAL. 

With  the  apparatus  described  experiments  were  conducted  at 
temperatures  ranging  from  700°  to  1,300°  C.  The  results  of  the 
observations  with  charcoal  are  contained  in  Table  1.  The  first  and 
second  columns  of  this  table  give  the  time  of  contact,  t,  and  the 

reciprocal  of  the  time  of  contact,  -,  which  is  proportional  to  the 

V 

velocity  of  the  gas  through  the  fuel  bed;  that  is, 

1^^ velocity  of  gas 

t     length  of  charcoal  column 

The  third  and  fourth  columns,  respectively,  give  the  quantity  of  CO, 
as  observed  and  as  calculated,  in  terms  of  percentage  volume  divided 
by  100.  The  values  given  for  kj  and  k,  are  the  respective  velocity 
coefficients,  at  the  particular  temperature  given,  of  the  opposed  reac- 
tions represented  by  the  equations  CO, + C = 2  CO  and  2  CO = C + CO,. 
For  the  method  of  calculation  employed,  the  reader  is  referred  to 
"Discussion  of  physical-chemical  principles"  (pp.  19-38). 

A  comparison  of  the  results  in  Table  1,  which  are  illustrated 
graphically  in  figures  3  and  4,  shows,  first,  that  with  increasing 
temperature  there  is  a  rapid  increase  in  the  percentage  of  CO  obtained 
with  any  given  rate  of  flow  of  gas;  second,  that  with  increasing  gas 
velocity  the  percentage  of  CO  falls  off  very  rapidly  at  low  tempera- 
tures and  very  slowly  at  high  temperatures.  These  variations  are 
illustrated  by  curves  in  figure  3,  in  which  the  percentage  of  CO  is 

plotted  as  a  function  of  y. 

Tablb  1. — Rate  of  formation  of  CO  from  CO^  and  charcoal, 

AT  A  TEMPERATURE  OF  800«»  C. 
[ki-0.01968.    kfl-S-OSl.] 


Time  of  contact, 
insecondB, 

1 
1 

Per  cent  CO 

100 
obaoryed. 

Per  cent  CO 

100 
cftlcalated. 

00 

188.0 

115.9 
57.18 
45.70 

24.  ao 

15.60 
12.32 
2.(ffift 
1.650 

0 

0.0053 

0.0086 

0.0175 

0.0210 

0.0413 

0.0645 

0.0610 

0.354 

a645 

■  •  •  •  • 

0.GO3 
0.504 
0.518 
0.622 
0.375 
0.283 
0.245 
0.063 
0.039 

0.535 
0.534 
0.527 
0.506 
0.466 
0.345 
0.252 
0.209 
0.051 
0.030 
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Table  1. — Rate  of  formation  of  CO  from  CO2  and  charcoal — Continued. 

AT  A  TEMPERATURE  OF  860«  C. 
(kt-0.07174.  Jk9->3.238.] 


Time  of  oontact. 

1 

Per  cent  CO 

Per  oent  CO 

inaeoonds, 

T 

100 

100 

C. 

observed. 

calcolated. 

00 

0 

0.742 

123.0 

0.0062 

6.743 

0.742 

54.18 

0.0184 

0.702 

0.741 

24.43 

0.0410 

0.572 

0.604 

13.23 

0.0756 

o.62r 

0.564 

9.268 

0.1070 

0.297 

0.463 

4.630 

0.216 

0.297 

0.281 

3.686 

0.271 

0.224 

0.231 

3.254 

0.307 

0.225 

0.207 

AT  A  TEMPERATURE  OF  900*»  C. 
[ili-0.1540.  Jbs-2.599.] 


cx> 

0 

0.873 

64.29 

0.0156 

0.873 

0.873 

44.18 

0.0226 

0.867 

0.872 

10.008 

U.  UfvV 

0.708 

0.739 

4.257 

0.234 

0.493 

0.472 

2.840 

0.352 

0.311 

0.351 

2.172 

0.461 

0.344 

0.284 

AT  A  TEMPERATURE  OF  925"  C. 
[fci-0.2175.  Jks- 2.298.] 


cx> 

0 

0.914 

118.8 

0.0084 

0.947 

0.914 

81.2 

0.0123 

0.933 

0.914 

12.37 

0.0607 

0.848 

0.875 

5.80 

0.1725 

0.718 

0.697 

4.277 

0.234 

0.642 

0.595 

2.272 

0.440 

0.375 

0.387 

AT  A  TEMPERATURE  OF  l.OOO"  C. 
[ki- 0.6404.  kfl- 4.708.] 


oo 

0 

•  •  •  •  • 

0.942 

70.0 

0.0143 

0.949 

0.942 

18.60 

0.0538 

0.943 

0.911 

8.245 

0.1195 

0.903 

0.938 

3.675 

0.272 

0.797 

0.869 

2.296 

0.436 

0.795 

0.752 

AT  A  TEMPERATURE  OF  1,100*  C. 
[ki- 1.495.  kfl- 5.275.) 


00 

0 

0.972 

36.48 

0.0274 

0.967 

0.972 

10.43 

0.0958 

0.083 

0.972 

4.968 

0.2010 

0.961 

0.971 

3.640 

0.2745 

0.073 

0.968 

1.921 

0.521 

0.946 

0.955 

1  V 

Since  y  =  -7,  when  I,  the  length  of  the  charcoal  column,  is  equal  to 
1,  that  is,  equal  to  the  unit  of  length,  then  the  numbers  along  the 
-^axis  give  the  velocity  of  gas  in  terms  of  the  same  unit  of  length  and 
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seconds.     For  example,  the  length  of  the  charcoal  column  in  the  ex- 
periments here  recorded  was  approximately  26  cm.,  or  10  inches.    The 

Telocity  corresponding  to  the  point  -r  =  1|  at  the  extreme  right  of  fig- 
ure 3,  is,  therefore,  10  inches  per  second, 


fiomx  S.— VarlatloD  ol  pcneotage  ol  CO  fanned  from  C0|  ud  diaronl  wlttt  chant*  ol  f  vatodly. 

The  curves  through  the  points  in  the  figure  have  not  been  arbitral 
rily  drawn,  but  have  been  plotted  from  a  mathematical  equation, 

which  expresses  the  percentage  of  CO  aa  a  function  of  -..  (See  "Dis- 
cussion of  physical-chemical  principles.")    The  general  shape  of  all  the 


FiouBBI.— Variation  of  peroailjtge  of  CO  lonned  Irom  COiandcbaicoa]  vltb  cbange  of  ttina  ol  contact. 

curves  in  figure  3  is  the  same.     The  percentage  of  CO  ia  greatest  at 

zero  velocity^ -  =  0,  t=  coY    With  increasing  values  of-each curve 

falls  away  at  first  slowly,  then  more  rapidly,  passing  a  point  of  inflec- 
tion, and,  finally,  becoming  nearly  horizontal.  The  intersections 
of  the  curves  with  the  CO  axis  give  the  percentages  of  CO  corre- 
sponding to  the  condition  of  equihbrium. 
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That  a  considerable  amount  of  time  is  required  to  reach  equilibrium 
in  the  reaction  under  consideration  is  further  illustrated  in  figure  4, 
in  which  the  percentage  of  CO  is  platted  as  a  function  of  t,  the  time 
of  contact.  At  800"  C.,  for  example,  the  percentage  of  CO  reaches  a 
practically  constant  value  at  the  end  of  50  seconds;  at  1,000°  C.  in 
6  seconds. 

In  figure  3  (p.  12)  the  curve  for  800"  C.  falls  off  very  rapidly  with 
increasing  rate  of  flow  of  gas.  At  this  temperature  the  gas  velocity 
must  be  exceedii^Iy  low  to  obtain  the  equiUbrium  percentage  of  CO. 
At  temperatures  below  800°  C.  equilibrium  could  not  be  reached  with 
the  lowest  gas  velocities  which  could  be  muntained.  A  great  num- 
ber of  experiments  were  made  at  700°  C,  but  the  results  were  too  in- 


Fioinu  S.— Virlatloii  o/  pBroenUgB  ot  CO  tinned  from  CO(  and  ooka  with  ebtagt  of  p«  velodt]'. 
consistent  to  admit  of  mathematical  treatment.     Some  of  the  observe 
tiona  are  given  in  the  following  table: 
Ob$tniationt  on  the  formation  of  CO  from  CO,  and  chareoal  at  a  temperature  0/700°  C. 


"sr^,r 

( 

Per  cent  CO 
IM 

1 

t.n 

5.60 
1.01 
4.  IS 

Is 

0.0M8 

lis 

aiM 

li 

oioia 

These  results  show  that,  except  at  exceedingly  low  velocities,  the 
amount  of  CO  formed  was  never  greater  than  1  or  2  per  cent. 

EXFEBnCBNTS  WrTH  OOKE  AND  WTTH  ANTHRAOITE. 

The  experiments  with  coke  and  with  anthracite  were  conducted  in 
(he  same  manner  as  with  charcoal.  Table  2  contains  the  results  of 
the  observations  with  coke,  while  in  figure  5  the  same  results  are 
shown  graphically. 
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The  curves  for  900*",  1,000°,  and  1,100°  C.  are  considerably  lower 
than  those  for  charcoal  at  the  same  temperatures  except  for  very  low 
velocities. 

Table  2. — Rate  offorTnation  of  CO  from  CO2  and  coke, 

AT  A  TEMPERATURE  OF  900«  C. 
[ki-0.00e31.  ks-0.03686.) 


Time  of  contact, 
in  seconds, 

1 
1 

Per  cent  CO 

100 
observed. 

Percent  CO 

100 
calculated. 

142.0 
80.20 
43.91 
24.82 
16.11 
9.575 
3.741 

0.0070 
0.0124 
0.0228 
0.0403 
0.0620 
0.1045 
0.2671 

0.276 
0.131 
0.094 
0.057 
0.049 
0.026 
0.008 

0.278 
0.169 
0.096 
0.066 
0.037 
0.023 
0.009 

AT  A  TEMPERATURE  OF  1,000«  C. 
[ki-0.02323.  ki-0.3591.] 


123.2 

0.0081 

0.784 

0.866 

80.25 

0.0125 

0.644 

0.795 

33.25 

0.0301 

0.529 

0.527 

18.72 

0.0535 

0.320 

0.850 

6.37 

0. 1571 

0.139 

0.138 

4.101 

0.2439 

0.115 

0.091 

3.072 

.     0.3258 

0.092 

0.069 

1.983 

0.5045 

0.063 

0.045 

AT  A  TEMPERATURE  OF  1,100* 
[ki-0.1335.  fct-0.5296.] 


C. 


90.00 

0.0111 

0.971 

0.971 

29.92 

0.0334 

0.854 

0.955 

13.20 

0.0758 

0.661 

0.817 

6.765 

0. 1476 

0.656 

0.592 

3.198 

0.3135 

0..317 

0.346 

1.784 

0.5606 

0.304 

0.211 

1.660 

0.6030 

0.240 

0.1942 

1.590 

0.6299 

0.221 

0.1190 

1.462 

0.6840 

0.214 

0.177 

0.962 

1.0399 

0.133 

0.121 

AT  A  TEMPERATURE  OF  1,200»  C. 
[Ici-0.4095.  ks-0.6718.) 


18.92 

0.0528 

0.989 

0.987 

12.70 

0.0788 

0.978 

0.983 

8.250 

0. 1213 

0.953 

0.956 

2.402 

0.4160 

0.685 

0.624 

1.582 

0.6320 

0.439 

0.460 

1.080 

0.9260 

0.335 

0.357 

< 

AT  A  TEMPERATURE  OF  1,300*  C. 
(fci- 1.483.  fcs-0.7318.] 


8.860 

0.1129 

0.999 

0.997 

4.149 

0.2415 

0.979 

0.997 

2.100 

0.4760 

0.932 

0.965 

1.130 

0.8850 

0.834 

0.816 

BATE  OF  FOBMATION   OP   OABBON    MONOXIDE. 
Table  i,—RaU  o//ormalion  of  CO  from  CO,  and  arUhraaU. 

AT  A  TEUPERATURE  OF  l.lOtC  C 


nnuolcoDtut, 

Perc«itCO 

PeramtCO 

0S780 

CM  J 

0.16MI 

O.IU 

^  TEUPERATDRE  OF  ],»>*  C. 
[ti- 0.2174.  tr-D.lTflT.] 


0.S10 

^  TEKPEKATORB  Ot   1.3D0-  C. 
(ki-O.STSl.  ki- 0.1018.] 


11. 40 

aiMS 

awB 

The  results  of  observations  with  anthracite  are  given  in  Table  E 
and  are  illustrated  graphically  in  figure  6.  Here  the  curves  fall  o£ 
even  more  rapidly  than  those  for  coke  in  figure  5. 


neni  S.— VntaUon  ol  pvoentMe  of  CO  lotmad  troa  COi  and  anttmolU  wlUt  ck 


gBof  guvaiddty. 


With  very  low  velocities — that  is,  when  the  time  of  contact  is 
sufficient  for  the  reaction  to  reach  equilibrium — the  percentage  of 
(X)  formed  is  practically  the  same  with  each  of  the  three  forms  of 
carbon.  The  effect  of  the  differences  in  the  reaction  velocities  be- 
comes more  appreciable  as  the  rate  of  flow  of  gas  increases. 
67388"— Bnll.  7—11 2 
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APPLICATION  OF  BESULT6  OF  EXPEBIMBNTS  TO  OAS-PBODUOEB 

AND  BOILER-FUBNAOB  PB00BS6ES. 

As  stated  in  the  introduction;  the  experiments  here  described  were 
undertaken  primarily  to  determine  the  temperature  necessary  for  the 
formation  of  a  gas  containing  a  high  percentage  of  CO  in  the  fuel  bed 
of  the  gas  producer  and  to  ascertain  the  conditions  which  govern 
the  formation  of  CO  in  boiler  furnaces. 

FAGTORS  QOVERNINO  THE  FORMATION    OF   CARBON  MONOXIDE. 

The  results  which  are  here  presented  indicate  that  the  amount  of 
CO  formed  in  the  gas  producer  depends  on  three  factors — (1)  the 
temperature,  (2)  the  depth  of  the  hot  portion  of  the  bed,  and  (3)  the 
rate  of  flow  of  gas  through  the  bed.  To  state  it  more  concisely,  the 
percentage  of  CO  formed  depends  on  the  temperature  and  the  time 
of  contact  of  gas  and  carboD — that  is,  the  avenge  time  required  for 
a  molecule  of  gas  to  pass  through  the  fuel  bed.  The  variation  of 
the  percentage  of  CO,  with  the  rate  of  flow  of  gas,  is  illustrated  in 
figures  3,  5,  and  6.  The  curves  for  coke  (fig.  5)  may  be  taken  as 
representii^  the  conditions  in  the  fuel  bed  of  the  producer.  At 
1,300*^  C,  for  example,  with    zero  velocity  (time  of   contact«Qc), 

practically  all  the  CO,  will  be  converted  to  CO;  when  7  =  0.5  (time 

of  contact,  t^2  seconds),  90  per  cent  CO  is  obtained;  and  when  t*"  1, 
only  80  per  cent  CO  is  formed.     Since 

1       velocity  of  gas      v 
t  ~'  depth  of  fuel  bed  ""  T 

in  a  fuel  bed  1  foot  in  depth  a  time  of  contact,  t,  equal  to  2  seconds 
corresponds  to  a  velocity  0.5  foot  per  second,  and  a  time  of  contact 
equal  to  1  second  corresponds  to  a  velocity  of  1  foot  per  second.  At 
1,300*^  C,  then,  in  a  fuel  bed  1  foot  in  depth,  with  a  velocity  of  0.5 
foot  per  second,  90  per  cent  of  CO  would  be  formed,  and  with  a 
velocity  of  1  foot  per  second,  80  per  cent  would  be  formed;  in  a  fuel 
bed  2  feet  in  depth  the  gas  velocities  corresponding  to  the  same 
percentage  of  CO  would  be  twice  as  great.  In  other  words,  for  given 
conditions  of  temperature  and  quality  of  gas  the  depth  of  bed  and 

velocity  of  gas  must  vary  proportionally  and  their  ratios  j  must 

remain  constant.  A  fuel  bed  1  foot  in  depth  and  a  gas  velocity  of  1 
foot  per  second  should  yield  the  same  percentage  of  CO  as  a  bed  2 
feet  in  depth  with  a  gas  velocity  of  2  feet  per  second. 

It  is  impossible  to  determine  accurately  the  velocity  of  the  gas 
through  the  producer  fuel  bed,  because  of  the  difficulty  of  estimate 
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ing  the  magnitude  of  the  passages  through  the  bed."    The  velocity 
is  probably  between  0.5  and  5  feet  per  second.    The  right  half  of  the 
curves  in  %ure  5  lies  within  these  limits,  and  therefore  corresponds, 
approximately,  to  the  conditions  of  producer  operation. 
Figure  7  shows  graphically  the  variation  in  the  amount  of  CO 

formed  with  rise  of  temperature  at  various  values  of  7.    The  ordi-  ■ 

nate  is  the  percentage  of  CO  in  gas  initially  containing  21  per  cent 
CO,  (air  in  which  the  oxygen  has  been  converted  quantitatively 
to  CO,).    The  abscissa  is  temperature  in  degrees  centigrade.    The 

upper  curve  for  which  t^O  represents  the  maximum  amount  of  CO 

which  could  be  produced  from  air.  The  intersection  of  the  curve 
for  any  velocity  with  a  given  horizontal  line — for  example,  the  line 
for  CO=>30  percent — gives  the  temperature  required  to  form  that 
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amount  of  CO  with  the  particular  velocity.  Thus,  to  obtain  30  per 
cent  CO  with  a  velocity  of  1  foot  per  second  (depth  of  bed  =  l  foot) 
will  require  a  temperature  of  1,360°  C,  and  with  a  velocity  of  2  feet 
per  second,  1,435*  C.  The  curves  of  figures  5  and  7  indicate  that  the 
temperature  of  the  producer  bed  should  not  be  less  than  1,300°  C. 

DtaADVANTAOB  OF  AN  EXTBEHELT  HOT  FUEL  BED. 

These  investigations  demonstrate  that  a  very  high  temperature  is 
necessary  for  the  production  of  CO  from  CO,  and  carbon.  There 
are  considerations,  however,  which  aigue  against  operating  the  fuel 
bed  of  the  gas  producer  at  extremely  high  temperatures — above 
1,300°  0. 

■  Wbta  *nj  given  number  of  pouadi  ol  all  per  lecond  la  pasKd  through  a  fuel  bed  of  glveo  dJmeniiloDi, 
the  Tcloclt;  througti  the  bed  will  Incmsc  u  the  perrentogs  of  void*  la  deomacd:  e.  g.,  Ihe  velocltr  wll] 
bemuehhl^er  with  alHkooKl  thin  with  UDlEormlyalicdDntDoiL  Furtlur.tliepeRMDtagaotvoldiwtUba 
biSQaiDMtb;  UuaiDoantofoaklniudalliitadng. 
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A  very  hot  fuel  bed  means  that  the  gases  will  leave  the  producer 
at  a  high  temperature,  and  thus  lower  the  efficiency  of  the  producer. 
The  gain  in  capacity  would,  therefore,  be  accompanied  by  a  loss  in 
efficiency,  unless  the  heat  of  the  gases  QO^ld  be  used  for  generating 
steam  or  preheating  the  air  blast.  A  high  temperature  also  favors 
clinkerii^.  In  the  application  of  the  results  of  these  experiments 
to  commercial  producers  and  furnaces  it  will  be  necessary,  of  course, 
to  consider  the  other  questions  which  are  involved. 

CARBON  MONOXIDE  IN  FLUE  GAS  FROM  BOILER  FUBNACE8. 

Various  explanations  have  been  suggested  to  account  for  the  pres- 
ence of  small  amounts  of  CO  in  the  flue  gases  of  boiler  furnaces. 
Perhaps  the  one  most  generally  accepted  by  engineers  is  that  the 
oxygen  of  the  air  first  unites  with  carbon  to  form  00,,  and  that  as 
this  gas  passes  up  through  the  hot  fuel  bed  it  combines  with  carbon 
in  accordance  with  the  equation: 

• 

COj  +  C  =  2CO. 

Assuming  this  to  be  the  correct  explanation,  then  the  question  to 
be  solved  is  what  conditions  are  favorable  to  this  reaction  and  what 
conditions  will  tend  to  retard  it.  In  the  preceding  paragraphs  it 
has  been  shown  that  the  higher  the  velocity  of  the  gas  and  the  thinner 
the  fuel  bed  the  less  will  be  the  percentage  of  CO  formed.  A  heavy 
fuel  bed  in  the  boiler  furnace  would  therefore  favor  the  formation 
of  CO.  Also,  the  greater  the  supply  of  air  to  a  given  depth  of  bed 
the  less  should  be  the  percentage  of  CO  formed.  These  results 
show  that  with  a  hot  fuel  bed  the  formation  of  a  small  amount  of  CO 
is  inevitable.  In  order  that  this  CO  may  be  burned  to  CO,,  it  is 
necessary  that  in  some  way  sufficient  air  be  added  to  the  hot  gases 
as  they  leave  the  top  of  the  fuel  bed. 


DISCUSSION  OF  PHYSICAIi-CHBMICAIi  PRINCIPIjBS. 

By  J.  K.  Glbment,  L.  H.  Adams,  and  G.  N.  Habkins. 

APPUOATIOM'  OF  THE   LAWS  OF  CHEMICAL  EQUIUBBinM  AND 

BEACnON  XINBTICS. 

The  velocity  of  a  reaction  in  a  homogeneous  system  is  at  any 
moment  defined  by  the  velocity  coefficients  and  the  concentrations 
of  the  various  substances  taking  part  in  the  reaction. 

In  heterogeneous  systems,  however,  the  reaction  velocity  depends 
usually  on  the  rate  of  diffusion  of  the  reacting  substances,  and  on 
the  area  of  the  boundary  surface  between  the  two  phases.  ^ 

Nemst's*  theory,  that  in  the  boundary  layer  between  a  solid  and 
a  liquid  phase  equilibrium  is  established  almost  instantaneously 
and  that  the  reaction  velocity  depends  solely  on  the  rate  of  diffusion, 
has  been  confirmed  by  Brunn^^  in  several  cases.  But,  as  Haber^ 
points  out,  the  reactions  which  Brunner  studied  **  involve  merely  the 
addition  of  a  charge  to  substances  going  over  into  the  ionic  condition, 
and  the  loss  of  a  charge  by  ions  leaving  the  ionic  condition." 

Such  changes  universally  take  place  instantaneously.  Nemst's 
theory  of  the  velocities  of  heterogeneous  reactions  applies  when  the 
chemical-reaction  velocities  are  great  compared  with  the  rate  of  dif- 
fusion, but  not  necessarily  when  the  reverse  relation  is  met  with. 

Since  the  rate  of  diffusion  of  gases  as  compared  to  liquids  is 
enormous,  it  seems  quite  possible  that  in  reactions  between  solids 
and  gases  the  rate  of  reaction  may  depend  on  the  velocity  of  the 
chemical  combination,  as  well  as  on  the  rate  of  diffusion.  It  is  easily 
conceivable  that  the  rate  of  diffusion  may  become  so  great  compared 
with  the  reaction  velocity  that  the  latter  becomes  the  determining 
factor.  In  this  event  the  laws  of  reaction  velocity  which  have  been 
derived  for  homogeneous  systems  may  be  applied  to  heterogeneous 
reactions. 

In  the  absence  of  any  knowledge  regarding  the  relative  magnitudes 
of  chemical-reaction  velocity  and  rate  of  diffusion  in  any  given 

«  Bogosld,  B«r.  deatsoh.  obem.  Oes.,  voL  9  (1876),  p.  1646.  Noyes  and  Whitney,  Zeitsohr.  physik. 
ChenL,  VOL  23  (1897),  p.  689. 

»  Nemst,  Walther,  TtaeoretlaQhe  Chem.,  6th  ed.  (Btattgart,  1907),  pp.  678, 679;  and  Zdtsohr.  f.  physik. 
Cbem.,  vol.  47  (1904),  p.  62. 

«  Bmimcr  Karl,  Zeltsohr.  physik.  Chem.  vol.  47  (1904),  p.  66. 

4  Haber,  Frits,  Thermodynamics  of  technical  gas  reactions,  London,  1906,  pp.  266-^64. 
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instance,  the  application  of  the  laws  of  reaction  velocity  to  a  hetero- 
geneous reaction  can  be  justified  only  by  the  results  obtained.  If 
the  velocity  coeflScients  prove  to  be  constant  over  a  wide  range  of 
values  of  t  (the  time  of  contact),  and  if,  further,  the  increase  with 
temperature  of  the  velocity  coefficient^  is  of  the  magnitude  commonly 
observed  in  the  case  of  homogeneous  systems,  then,  in  all  probability, 
the  determining  factor  in  the  reaction  velocity  is  the  velocity  of  chem- 
ical combination  and  not  that  of  diffusion.  The  diffusion  constants 
of  gases  vary  according  to  the  one  and  one-half  to  the  second  power 
of  the  absolute  temperature.  <*  The  latter  value  would  correspond  to 
an  increase  of  2.6  per  cent  for  a  rise  of  10^  at  500^  C,  and  of  1.6  per 
cent  for  the  same  rise  of  temperature  at  1,000^  C.  It  will  be  shown 
later  that  the  increase  of  coefficients  of  reaction  velocity  for  the  same 
rise  of  temperature  should  be  about  20  per  cent  at  500^  C,  and 
perhaps  10  per  cent  at  1,000°  C.  ^ 

The  object  of  attempting  to  apply  the  laws  of  reaction  kinetics  to 
the  results  of  the  experiments  described  in  "Experimental  inves- 
tigations" (pp.  7-15)  was  rather  to  obtain  a  means  of  interpolating  and 
extrapolating  the  results  than  to  furnish  a  confirmation  of  the  laws 
themselves.  The  splendid  agreement,  however,  between  the  observed 
and  calculated  values  of  the  percentage  of  CO  obtained  with  various 
gas  velocities  and  the  rapid  increase  of  the  rate  of  formation  of  CO 
with  rise  in  temperature,  argue  in  favor  of  the  velocity  of  chemical 
combination  as  the  determining  factor  in  the  speed  of  the  reaction 

CO,  +  C  =  2CO. 

THE   EQUILIBBIUM   CONSTANT. 

It  follows  from  the  law  of  chemical  mass  action  that  in  the  hetero- 
geneous system  C+C03?=^2CO,*  for  every  temperature  there  is  a 
certain  constant  relation  between  concentrations  of  CO  and  CO,  in 
equilibrium  with  carbon. 

In  the  system  under  consideration,  thermodynamic  reasoning  leads 
to  the  conclusion  that 

[COP  ,     ,     j^ 

==  constant  =  K, 


[COJ 

in  which  [CO]  and  [CO,]  denote  the  concentrations  of  CO  and  CO,, 
respectively,  in  gram  molecules  per  liter .<* 

a  See  Meyer,  O.  E.,  KlneUscbe  Theorie  der  Qase,  2d  ed.  (Breelau,  1890),  sec.  101. 

b  See  Hofl,  J.  H.  van't,  Chemical  dynamics,  London,  1808,  p.  228,  and  Haber,  Frits,  Thermodynamlas 
of  technical  gas  reactions,  p.  256. 

e  TheTeverse  arrows  (^)  used  In  place  of  the  regular  symbol  i=)  in  the  equation  C+C0s^2C0  denote 
that  the  reaction  is  reversible;  that  is,  it  may  take  place  in  the  direction  tirom  left  to  right  or  from  right  to  left. 

d  A  "gram  molecule"  of  any  substance  is  its  molecular  weight  in  grams;  e.  g.,  a  gram  molecule  of  HtO  is 
18  grams,  of  CO,  28  grams,  and  of  COi,  44  grams. 
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Let  100x«  percentage  by  volume  of  CO  and  100(1  —x)  =  percentage 
by  volume  of  CO, 

Then  [CO]  ^x^ 

[COJ=(l«x)^ 

^^^  [CO,]   (i^x)Re^^' 

22  4 
Here  i?  =  the  gas  constant^  ^t^^^-^^^^  ^^*®^  atmospheres, 

P  =  the  pressure  in  atmospheres, 
and         6  =  the  absolute  temperature. 

[CO]  =  the  number  of  gram  molecules  of  CO  per  liter. 
[COJ  =  the  number  of  gram  molecules  of  CO,  per  liter. 
For  constant  conditions  of  pressure  and  temperature, 

^  is  a  constant  and  -r-^  =  constant  =  Er^ 

The  significance  of  this  equation  is  that  if  a  quantity  of  CO,  gas 
is  maintained  in  contact  with  carbon  at  constant  temperature,  B, 
and  pressure,  P,  the  gas  and  the  carbon  will  react  rapidly  at  first, 
and  then  more  and  more  slowly  until  the  amount  of  CO  formed  is 
exactly  lOOx  per  cent  of  the  total  gas  present. 

THE   BEAOnON- VELOCITY   EQUATION. 

Dynamic  considerations  as  well  as  thermodynamic  reasoning  lead 
to  the  equation 

[CO]' 


coTl^^' 

Tc 
In  the  former  case  j?  takes  the  value  ^,  where  the  fe's  are  the  velocity 

coefficients  of  the  two  opposed  reactions.  The  equation  represent- 
ing the  rate  of  formation  of  CO  by  the  reaction  CO,  +  Ci=^2C0  may 
be  written  as  follows: 

^^  =  iJCO,]-*,[COp.  (1) 


22  FACTOBS  IN  THE  FORMATION  OF  PBODUCEB  QAS. 

When  equilibrium  is  established 

ti[COJ-X:,[COp 
and  [COy^lc, 

If  1 00a  =:  percentage  of  CO,  by  volume  at  time  <  =  0, 

lOOx  ==  percentage  of  CO  by  volume  at  time  t; 

and  when 

^  =  0,  x  =  0, 
then  when 

^  =  0,  [COJ«a^«Jf. 

Let  n»  total  niunber  of  CO  molecules  at  time  t,  and   m^  total 
number  of  CO,  molecules  at  time  t 

Then  if  the  initial  volume  is  unity,  m—  J'^— s,  and  the  correspond- 
ing  volume  at  constant  pressure  is  1  +h  tt. 

Then,  IC0]=«^--^ 

1  +  2T" 
2a!     P 

and 

n         P     n        P        X     P  X 

rooi          *"  "^"^  ^^^^"2  '^~2^xm    °~2^  P 

i_L**^*  .^nRB  ^nBB  ,^    a;     P  B9° .  _^    x    RS' 

1  +  2-p-  1+2T'  ^"'■2T'  ^"'"2^2^'F     ^■'"2^ 
That  is. 


[COJ=(a-^^x)^ 


Introducing  the  values  in  equation  (1)  we  obtain 

and  if 

p 


§  =  *.(«-^^)-*'»^  (2) 


For  the  case  that  the  initial  gas  is  pure  COj,  a  =  1 ,  and 


( 
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The  integration  of  the  differential  equation  (2)  offers  no  great 

difficulty.    The  detenniuation  of  the  constants  Je^  and  1(^2  seems  to 

have  been  made  hitherto  only  by  assimiing  the  value  of  the  ratio 

Je  . 

rr-     This  method  is  applicable  when  the  equilibrium  conditions  are 

readily  realized.  As,  however,  this  is  not  the  case  in  the  present 
reaction,  it  has  been  necessary  to  devise  a  method  for  the  determina- 
tion of  Atj  and  Ar,  from  any  two  or  more  pairs  of  simultaneous  observa- 
tion of  X  and  t.  It  turns  out  that  the  method  is  applicable  not  only 
to  the  present  reaction,  but  also  to  the  general  incomplete  reaction 
of  the  second  order. 

The  great  difficulty  of  realizing,  with  certainty,  the  condition  of 
the  equilibrium  in  reactions  like  the  one  under  consideration  makes 
it  highly  desirable  to  obtain  a  general  solution  of  the  differential 

Jc 
equation  without  introducing  a  particular  numerical  value  of  77. 

Prof.  C.  N.  Haskins  has  obtained  the  solution  of  the  differential 
equation  (2)  that  is  here  presented. 

1.  Reduction  and  integration  of  the  differential  equation. 
The  differential  equation  is 

,                                       per  cent  CO,    ...        .     ^ 
where  a  = t^ at  time  ^  =  0, 

per  cent  CO    ...       . 
^^  Too at  time  ^, 

i  =  iime  in  seconds, 

and  Jci  and  k'^  are  the  two  constants  of  the  reaction  the  values  of 
which  are  sought.     The  initial  condition  is  that 

x«0,  when  ^  =  0. 

To  integrate,  we  introduce  a  new  variable,  z,  and  new  constants, 
a  and  ;*  defined  by  the  relations 

x{a  +  l)  ^  4az 


4a-x(a-|-l)  (a-hl)(2  +  l) 


(3) 
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The  differential  equation  becomes,  under  these  substitutions 

^r"(f-^)  (4) 

with  the  initial  conditions 

2  =  0,  when  ^  =  0.  (5) 

Integrating,  we  have 

ln*l±^^2at  (6) 

r-2 


and  solving  for  z, 


2  =  rl[n:7^  =  r  tanh  at  (7) 


€•*  +  € 

whence,  substituting  in  (3) 

^   ^^    T  tanh  at  ^^  v 

~a+l  1+r  tanh^^' 

S,  The  equation  for  j  and  the  criterion  for  the  existence  of  one  and  only 

one  root. 

We  have  (equation  8)  an  expression  by  means  of  which  the  per- 
centage of  CO  at  any  time,  t,  may  be  computed  if  the  constants  f  and 
a  are  known.  We  now  wish  to  determine  y  sJid  a  from  two  pairs 
of  observed  corresponding  values  of  t  and  x.  Let  these  two  pairs  be 
t^Xi  and  ^3,  X3,  and  let  ^>^i.     Then  since  a  is  known,  we  may  compute 

^  _     Xi(a+1)  ^  _     ga(a-H) 

*     4a-Xi(a+l)'        '     4a-X3(a-}-l) 


and  have 


In  X±h^2  at^,  In  t±??  =  2  ai^ 

r-^i  r-22 


from  which  y  and  or  are  to  be  determined.     Eliminating,  a  we  readily 
obtain 

inr±hMnr±^\  (9) 

The  determination  of  y  and  or  depends  therefore  on  the  solution  of 
this  (transcendental)  equation  in  y.    Consideration  of  the  function 

Z7(r)  ~  tM  T±l^  -  tj^n  t±li 
and  of  its  derivative 

*  The  symbols  In  z,  log  x,  will  be  used  to  denote  the  natural  and  the  common  logarithm  of  x,  respectively. 
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shows  that  the  equation 

lnr±3=.knr+li  (9) 

has  a  root  j  >z,  when  and  only  when 

<^i  -  <,z,  >  0,  that  is,  ^  <  ^  (10) 

z,     <i 

If  a  root  exists  there  is  but  one,  and  it  satisfies  the  inequalities 


«,<r< 


1  h^i  ■"  ^1^3 


The  inequality  (10)  furnishes  a  negative  criterion  for  the  applica- 
bility of  the  differential  equation  (2)  to  a  reaction  under  investigation. 
For  if  the  reaction  is  governed  by  that  equation,  and  if  the  observa- 
tions are  made  with  sufficient  accuracy,  there  must  exist  a  y  satis- 
fying equation  (9)  and  hence  the  inequality  (10)  must  be  satisfied. 
If  then  this  inequality  is  not  satisfied,  and  hence  no  such  y  can  be 
found,  the  assumptions  involved  in  (2)  must  be  invaUd,  or  there 
must  be  error  in  the  observations.  On  the  other  hand,  if  (10)  is 
satisfied  we  can  only  conclude  that  (2)  may  be  applicable,  and  we 
proceed  to  determine  whether  it  is  so  by  computing  y  and  a  and  com- 
paring the  values  of  x  computed  by  means  of  (8)  with  the  observed 
values  of  x. 

S.  Solution  of  the  equation 

If  the  selected  pairs  tyX^,  tp^  of  observed  values  satisfy  the  cri- 
terion 

-'<^  (10) 

we  may  compute  y  in  the  equation  as  follows :  Passing,  for  conven- 
ience of  computation,  from  natural  to  common  logarithms  we  have 

Assume  now  a  value  for  y,  say  ;-  =  ;-„  where 

Then  we  may  compute  a  quantity  log  N^  by  the  equation 

logi\^.=^logt±i». 
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Determine  now  a  new  value  of  y-,  ;*  =  /-j  by  the  relation 

log&±^»=log  JVi 

Ta  ""  ^2 
that  is, 

Proceed  now  to  determine  a  new  approximation  fn  from  y^  in  the 
same  way  that  Y2  ^^^  determined  from  7-^  and  continue  the  process 
until  its  repetition  produces  no  change,  or  a  change  which  is  negligible 
compared  with  the  experimental  errors.  It  will  be  found  that  in 
general  the  process  converges  somewhat  rapidly,  and  only  a  few 
repetitions  are  necessary. 

Suppose,  then,  that  /-  has  been  found  by  this  process.     Then  a  is 
computed  by  either  of  the  relations 

or,  what  amounts  to  the  same  thing,  if  iV  is  the  last  of  the  numbers 
Ni  Nf  .  .  .  used  in  computing  j- 

2a~lln  t±h  =  ].  In  JV=llog  Nln  10 

4.  Computation  of  reaction  constants  Jc^  Jc\f  and  verification  of  re- 
action equation. 

When  the  constants  a,  y  have  been  computed  we  can  find  the  orig- 
inal constants  fej,  F,  by  the  relations 

,  „  a{a  +  l)(l-f)  (3) 

^»"  4ar 

To  determine  the  applicability  of  the  reaction  equation  (2)  to  the 
case  in  hand  we  have  now  only  to  introduce  the  values  just  found 
into  the  equation 

z=^y  tanh  at  (7) 

or 

4a       ytanh  at  /gx 

""  a  -fl  1+7'  tanh  at 

aThla  oomputatlon  may  be  abrid^^ed  by  the  use  of  Oauaslan  logarithms. 
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and  compare  the  values  of  2  or  «  given  with  those  found  by  observa- 
tion. For  this  purpose  equation  (7)  is  the  simpler,  especially  when 
the  i^  corresponding  to  observed  values  of  x  have  been  already 
computed. 

5.  Ocrredion  of  constants  a  and  y  hy  {ke  method  of  least  squares. 

The  constants  a,  y  obtained  above  are  determined  by  two  pairs  of 
observations  only.  It  is,  of  course,  desirable  that  all  the  observa- 
tions be  used  in  fixing  their  values,  as  on  account  of  experimental 
errors  the  values  obtained  from  different  pairs  of  observations  will 
in  general  not  be  identical.  We  proceed,  therefore,  to  correct  the 
constants  by  the  method  of  least  squares. 

Let  ^19  a;,;  f,,  22  7  •  •  •  ^;  aj»,  be  the  n  observed  pairs  of  values  of 
t  and  X.  The  problem  is,  then,  to  determine  a  and  y  in  such  a  way 
that  if 

In  ^^^-2trf^(J, 

then 

n 

1 
shall  be  a  minimum. 

In  order  that  a  and  y  shall  make  nJS^  a  minimum  they  must  satisfy 
the  so-called  normal  equations. 


IM-MW^"^-'"^?}-"' 


n  fi 


^f-S-'^-S'lFi-.-F-J'-^S-^-" 


1  1 

These  equations  may  be  written 

n  n 


2«I]«'.  +  &^n^=0. 


'''E'A 


LJf  —  ^i      y  +  Zi 


As  their  exact  solution  in  their  present  form  is  impracticable  on  ac- 
count of  their  complexity,  we  replace  them  in  the  usual  way  by  a 
system  of  approximately  equivalent  lineal  equations,  by  making  use 
of  the  fact  that  the  quantities  u,  v  by  which  a  and  y  differ  from  a^ 
and  ro  respectively  are  small  compared  with  oto,  ^o- 
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Substituting 
we  have 


s*"'^?*^ "( ^  rV^'"  ^-H 


2u 

^  -V  \    14. 

To  +  Zi. 

V 


1  + 


2.2 


M.|^ 


-E 


Expanding  the  logarithms  by  Maclaurin's  series  and  neglecting 
terms  of  the  order  of  uv  and  v^  in  comparison  with  those  of  the  order 
of  u  and  v  we  have 

1  1  1 

n  n  n 

Expressing  the  natural  logarithms  in  terms  of  common  logarithms  we 
have,  putting 

Ami,  -B^;,-^-  C^  log  J^-  Mu, 

ii:=?!y^  =  1.15129,  Jf=^=0.86589a,: 


n  n 

U 


n  n  w 
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or  in  the  usual  notation  of  the  method  of  least  squares 

u[AA]+v[AB]'=  K[AO] 
u[BA]+v[BB]='  K[BC] 

• 

From  these  equations  u  and  v  are  readily  computed,  and  hence  the 
corrected  values 

are  found. 

6.  Application  offfie  method  of  solvJtion  to  other  equations  of  readion 

velocity. 

The  well-known  equation' 

Ax 

with  the  initial  conditions 

x  =  0  when  <=0 

is  reducible  by  the  substitutions 

X  z 

z  =  -^ — -  x  = 


l-x  1+2 


Jc  =- 


to  the  form  we  have  considered,  viz: 

dz 


with  the  initial  conditions  2  =  0  when  <  =  0  its  integral  is,  therefore, 

ln^^^=^2at  (6) 

or 

2i=7-tanharf  (7) 

or 

_    y  tanh  cd  /«v 

a  Nenist,  Walther,  TheorotiKhe  Chemlei  6th  edition,  p.  664;  3d  Engllah  edition,  p.  668. 
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and  the  constants  are  determined  by  the  equation 

In^^^^^^Hn^-^^  (9) 

if  the  criterion 

??<J2  (10) 

is  satisfied. 
The  more  general  equation  ^ 

dx 

^=ii(ai-x)(6i-a:)-ij(a,  +  x)(6j-fa;) 

with  initial  conditions  x^O  when  1=^0,  is  reducible  by  a  substitution 
of  the  form 

pz  —  a 

1  +z 

where  p  and  a  are  constants  depending  on  a^y  l^,  a^,  l^,  but  not  on 
Jciy  k^,  to  the  equation 

fr^if-^^  (4) 

The  initial  conditions,  however,  are  now  not 

^  =  0,         2  =  0  (5) 


but 


<  =  0,  2  =  -=3o 

P 


and  hence  the  integral  and  the  equation  determining  the  constants 
are  more  complex. 
The  equation  determining  ;-  is 

and  the  criterion  for  the  existence  of  a  solution  is 

7.  Calculation  of  x. 

Using  the  data  given  in  Tables  1  and  2  (pp.  11,  14),  the  values  of 
y  and  or,  and  hence  of  ip  Xtj,  and  /iT,  have  been  calculated  by  the  method 
of  least  squares  as  described  above.  The  constants  for  charcoal  are 
tabulated  in  Table  4. 

a  Nenut,  Walther,  Theoretlaohe  Chemie,  5th  edition,  p.  643;  2d  Eni^Iish  editloo,  p.  542. 
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The  last  column  of  each  of  Tables  1  to  3  contains  values  of  x  cal- 
culated from  the  equation 


4a      r  tanh  at 
x  = * 


(8) 


a  + 1  l+y  tanh  cd' 

The  CO3  used  was  nearly  pure,  and  therefore  a  =  l,  whence, 

2ytanhtrf 
1+y  tanh  cd 

The  calculated  and  observed  values  of  x  agree  within  2  or  3  per  cent. 

Table  4. — Constants  tued  in  computation  o/x  (charcoal). 


Tem- 

perature 
(•C). 

a 
(0-1) 

(«-l) 

k'l 

ki 

ki 

•^-1^ 

800 

0.0276 

i    0.3568 

0.03373 

3.031 

0.01968 

0.006493 

850 

0.0612 

1    0.5853 

0.03443 

3.238 

0.07174 

0.02216 

900 

0.00998 

0.7711 

0.02646 

2.599 

0.1540 

0.05925 

925 

0.1297 

0.8388 

0.02291 

2.298 

0.2175 

0.09465 

1,000 

0.3617 

0.8853 

0.04416 

4.708 

0.6404 

0.1360 

1,100 

0.7921 

0.9437 

0.04588 

5.275 

1.405 

0.2834 

The  curves  in  figures  3,  4,  5,  and  6  were  plotted  from  values  of 
x(per  cent  CO)  calculated  from  equation  (8).  The  observed  values 
are  indicated  by  the  small  circles.  By  means  of  equation  (8)  it  is 
possible  to  calculate  the  percentage  of  CO  corresponding  to  any 
given  gas  velocity,  providing  a  and  y  or  Jci  and  A:,  are  known.  The 
values  of  Jci  and  K,  as  well  as  a  and  ;*,  given  in  Table  4,  exhibit  a  sys- 
tematic variation  with  temperature.  If  an  equation  can  be  found 
which  will  express  Jc^  and  Z  as  a  function  of  temperature,  it  will  then 
be  possible  to  calculate  the  percentage  of  CO  for  any  time  of  contact 
and  any  desired  temperature. 

8.  Variations  of  K  and  Atj  with  temperature. 

By  thermodynamical  considerations  Van't  HoflF  has  derived  the 
following  expressions  for  the  variation  of  the  constant  of  equilibrium, 
Kj  and  the  coefficient  of  reaction  velocity.  A:,  with  temperature. 

d(ln  E)_Q 
dS  RS^ 


and 


-de — K^^- 


In  these  equations  Q  is  the  latent  heat  of  reaction  at  the  absolute 
temperature  ^;  ^  is  a  function  of  Q,  but  is  selected  arbitrarily.    B  is 

67388*— Bull.  7—11 3 
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an  arbitrary  function  of  the  temperature.     By  integration  the  latter 
equation  becomes 


In  Jc^ --^+38  +  0, 

K7 


11 


where  (7  is  an  integration  constant.  The  values  of  A,  B,  and  C  in 
equation  (11)  have  been  determined  from  the  simultaneous  values  of 
Ati  and  6  of  Table  1.  Table  5  contains  the  values  of  Ar^  observed  at 
various  temperatures,  Ic^  (obs.),  as  well  as  the  values  of  k^  calculated 
from  equation  (11),  Ic^  (cal.).  The  agreement  is  remarkably  good, 
showing  that  the  velocity  coefficient,  tj,  follows  the  differential  equa- 
tion which  holds  for  most  rates  or  reactions. 

Table  5. — Variation  ofh^  with  temperature  {charcoal). 

[Z»  ki--5??l?-0.(H03  tf+65.376) 


Tnnpera- 
tureCO. 

6 

ki  (obs.)- 

fti  (cal.). 

800 

1,073 

0.020 

0.021 

850 

1,123     ^ 

0.073 

0.064 

900 

1,173     ' 

0.154 

0.159 

025 

1,198 

0.217 

0.237 

1,000 

1,273 

0.640 

0.629 

1,100 

1,373 

1.49 

.   1.53 

In  order  to  integrate  the  equation 

d(ln  K)  __      Q 


do 


RS' 


it  is  first  necessary  to  determine  Q  as  a  function  of  temperature. 
Kirchoff  has  shown  that  the  increment  of  Q  per  degree  centigrade  is 
equal  to  the  difference  of  the  molecular  heats  of  the  factors  and  of  the 
products  of  the  reaction: 

Go = The  heat  of  reaction  at  ^  =  0. 

a «  molecular  heat  at  temperature  8, 
Oq  =  molecular  heat  at  temperature  6  =  0, 

f  _\  da 

Assuming  that  <t  is  a  Iraear  function  of  temperature,  which  is  very 
nearly  true  for  gases 

ddnK) 


de 

InK 


(12) 
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The  constants  in  this  equation  (12)  may  be  evaluated  by  two 
different  methods:  by  experimental  determinations  of  Q,  a^,  and  </, 
or  from  four  or  more  simultaneous  observations  of  K  and  0.  The 
first  method  was  adopted  in  this  instance.  The  third  column  of 
Table  6  contains  the  values  of  K  calculated  by  means  of  equation 
(12),  taking 

<2o= -40166 

J((jo)= -2.055 

i'(aO=   .003104 

(7=     8.604 

The  values  in  the  column  marked  £^  (obs.)  are  the  constants  obtained 
from  the  observed  values  of  x  and  T  in  Table  1. 

Table  6. — Valiies  of  K from  experimental  determinatwru. 


[InK^- 

^^^^^+1.036  In  tf-0.001564^+8.604J 
9 

Tempera- 
ture (•C). 

K  (obs.). 

K  (cal.). 

X  00  (obs.). 

Xoe  (cal.). 

X  00  (obs.) 
Boudouard. 

500 

600 

650 

700 

800 

850 

000 

025 

1,000 

1,100 

1,200 

1,300 

1,400 

1,500 

1,600 

a  000007 
0.00013 
a  00046 
0.00137 
0.0000 
0.020 
0.042 
0.060 
0.151 
0.448 
1.120 
2.455 
4.826 
8.671 
14.44 

a  021 
0.003 
0.185 
0.283 
0.582 
0.722 
aK)2 
a873 
a045 

a  961 

0.944 

0.997 

a9985 

a9992 

0.9996 

a39 

0.0065 

0.022 

0.059 

O.OM 

0.136 

0.283 

a  526 
a738 
a871 

a  912 

0.930 
0.971 

a93 

1 

0.96 

In  the  fourth  column  of  Table  6  are  the  observed  values  of  x^,  the 
amount  of  CO  in  equilibrium  with  CO,  and  charcoal  at  temperatures 
from  800®  to  1,100®  C,  and  in  the  fifth  column  the  values  of  x  cor- 
responding to  the  values  of  .fiT  in  the  third  column.  For  the  specific 
heats  of  CO  and  COj,  Langen's  values  were  used,  and  for  the  specific 
heat  of  charcoal,  Kunz's.  Q^  was  calculated  from  the  heats  of  com- 
bustion of  carbon  (amorphous)  and  carbon  monoxide  at  ordinary 
temperatures."  C  was  calculated  from  equation  (12)  using  all  the 
values  of  K  (obs.)  by  the  method  of  least  squares. 

The  constants  of  equation  (12)  were  calculated  also  by  the  method 
of  least  squares  from  simultaneous  values  of  K  (obs.)  and  9,  but  the 
agreement  was  less  satisfactory  than  in  the  former  method. 

The  agreement  between  observed  and  calculated  values  of  K  and 
Tc^  in  Tables  5  and  6  shows  that  the  increase  of  Kov  Tc^  with  temperature 

aOstwald,  W.,  Onmdriss  der  AUegemtnen  Chem.,  8d  ed.,  p.  267. 
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follows  Van't  Hoff's  laws.  It  is  possible,  therefore,  by  means  of 
equations  (11)  and  (12)  and  the  values  of  the  constants  of  these  equa- 
tions given  in  Tables  5  and  6  to  compute  K  and  Ic^  for  any  desired 
temperature.  For  any  temperature  for  which  K  and  Ic^,  and  conse- 
quently ^2  (  ^2  =  ^\  have  been  computed,  x,  the  per  cent  of  CO  cor- 
responding to  any  time  of  contact,  t,  can  then  be  calculated  by  means 
of  equation  (8). 

Table  7. —  Variation  o/Zao  (P^ ^^^^  C'O in  equilihrium  with  C02€md  C)  with  temperature. 


Tempera- 
ture re. ). 

*oo(cal.) 

XpoCobs.) 
Cfiarooai. 

^S-> 

Xoo(ol».) 
Anthracite. 

900 
1,000 
1,100 
1,200 
1,300 

0.832 
0.945 
0.981 
0.994 
0.997 

0.871 
0.939 
0.971 

0.875 
0.886 
0.968 
0.967 
0.996 

0.914 
0.994 
0.997 

Table  8. — Variation  of  hi  vrUh  temperature  (coke). 

47220 
[In  ii-  -  — g 0.009699«+45.697.] 


Tempera- 
ture (•€.). 

9 

ki  (obS.). 

ti  (cal.). 

900 
1,000 
1,100 
1,200 
1,300 

1,173 
1,273 
1,373 
1,473 
1,573 

0.0024 

0.021 

0.121 

0.473 

1.38 

0.0023 

0.023 

0.134 

0.410 

1.48 

Table  9. — Variation  ofk^  with  temperature  (anthracite). 

31972 
[In  k|-  -^+0.02272#  -  56.607.] 


Temperap 
ture  (*C.). 

9 

ki 

1,100 
1,200 
1,300 

1,3-73 
1,473 
1,573 

0.119 
0.237 
0.579 

The  percentages  of  CO  in  equilibrium  with  CO,  and  charcoal,  coke, 
and  anthracite,  respectively,  x,  are  given  in  Table  7.  The  values  of 
X  in  the  second  column  of  this  table  were  calculated  from  the  values 
of  JT  in  the  third  column  of  Table  6  by  means  of  the  equation 


A  comparison  of  figures  3, 5,  and  6  shows  that  the  reaction  velocity 
is  greatest  with  charcoal  and  lowest  with  anthracite.    The  tempera- 
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ture  coefficient  of  Tc^  was  determined  for  anthracite  and  coke  in  the 
same  maimer  as  for  charcoal.    The  observed  and  calculated  values 
of  Jc^  are  shown  in  Tables  8  and  9. 
The  constant,  A:,  in  the  equation 

^^=Arj(CO,)-P(CO)« 

is  the  coefficient  of  reaction  velocity  of  the  reaction 

CO,+C?=i2CO 

in  the  direction  from  right  to  left.  At  the  temperatures  of  these 
experiments,  800**  — 1,300°  C,  the  carbon  produced  by  the  decompo- 
sition of  CO  is  in  the  form  of  lampblack,  regardless  of  the  form  of 
carbon  present  in  the  reaction  tube — charcoal,  coke,  or  coal.  At 
any  one  temperature,  therefore,  A:,  should  be  the  same  in  all  three 
cases.  From  a  comparison  of  Tables  1  to  3  it  will  be  seen  that  there 
is  considerable  deviation  in  the  values  of  A:,  for  the  three  forms  of 
carbon  used.  This  is  doubtless  due  in  part  to  experimental  errors. 
There  is  a  further  consideration,  however,  to  which  attention  should 
be  called,  viz,  that  the  reaction  in  question  is  not  strictly  reversible. 
The  lampblack  produced  by  the  reverse  reaction 

2C0->C0,  +  C 

is  not  identical,  physically,  with  the  form  of  carbon,  charcoal,  or 
coke,  which  is  consumed  in  the  formation  of  CO.  Consequently,  the 
law  of  chemical  mass  action  is  not  strictly  applicable.  In  the  sys- 
tem under  consideration,  equilibrium  would  not  be  reached  until 
all  the  carbon  has  been  transformed  to  lampblack. 

DISCUSSION  AND  CONCLT7SIONS. 

RESULTS  OF  BOUDOUARD's   INVESTIGATIONS. 

The  results  of  Boudouard's  investigations  of  the  percentage  of  CO 
in  equilibrium  with  CO,  and  carbon,  referred  toon  pages  6  and  7,  are 
also  given  in  the  last  column  of  Table  6.  A  comparison  of  Boudouard's 
values  with  those  obtained  in  our  experiments  shows  a  decided 
disagreement,  Boudouard's  values  for  CO  being  higher  in  every  case. 
The  writers  are  imable  to  accoimt  for  so  great  a  discrepancy.  It  is 
to  be  noted,  however,  that  in  the  analysis  of  his  gases  Boudouard 
apparently  determined  CO,  directly  and  CO  by  differences,  so  that 
any  air  which  might  have  been  present  in  the  gases  would  have  been 
reported  as  CO. 

It  does  not  seem  Ukely  that  errors  in  the  measurement  of  tempera- 
ture could  be  responsible  for  differences  of  so  great  a  magnitude  in 
the  amount  of  CO  formed. 
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As  stated  on  page  9,  and  illustrated  in  figure  1,  in  all  the  experi- 
ments the  hot  junction  of  the  thermocouple  was  imbedded  in  the 
carbon  within  the  reaction  tube,  and  the  couple  was  calibrated  at 
frequent  intervals.  Also,  the  cold  junction  was  maintained  at  0^  C. 
The  error  in  the  temperature  measurements  could  not  exceed  15**  or 
20°  C.  Moving  the  couple  through  the  portion  of  the  tube  occupied 
by  carbon  showed  that  there  were  no  temperature  differences  in  the 
carbon  bed  greater  than  10**  C.  It  is  not  apparent  from  Boudouard's 
accoimt  of  his  experiments  what  precautions  were  observed  to  insure 
accurate  temperature  measurements. 

That  the  percentage  of  CO  obtained  in  the  writer's  experiments  was 
not  reduced  appreciably  by  the  reverse  reaction 

2CO-*C+C03 

taking  place  during  the  passage  of  the  gases  through  the  region  of 
falling  temperature  at  the  exit  end  of  the  tube  is  indicated  by  the 
fact  that  no  deposit  of  carbon  could  be  observed  at  this  portion  of 
the  tube. 

REACTION   KINETICS. 

Van't  HoflF  has  shown  that  the  coefficient  of  reaction  velocity,  !t, 
for  a  number  of  reactions  increases  between  2  and  2.5  fold  for  a  rise 
of  temperature  of  10**  C. 

The  reactions  considered  by  Van't  Hoff  were  investigated  at 
temperatures  below  100**  C.  At  higher  temperatures  the  rate  of 
increase  in  Jc  with  rise  of  temperature  is  lower. 

If  for  a  given  reaction,  at  a  temperature  of  100®  C. 

it  follows  from  Van't  Hoff's  equation, 

d(lnJc)_A 
dS        6^' 

that  for  T=  1,000**,         «« 1,273**, 

^±10  =  1.08. 

In  table  10  the  values  of  the  ratio  -^^  corresponding  to  the  results 

in  Tables  5,  8,  and  9  indicate  that  the  increase  of  Tc  with  rise  in  tem- 
perature is  of  the  magnitude  which  might  be  expected  for  reaction 
velocities  in  homogeneous  systems. 


DISCUSSION  OF  PHYSICAL-CHEMICAL.  PRINCIPLES. 
Table  10. — Increase  in  k  with  a  rise  in  temperature  oflCf*  C. 
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Form  of  carbon. 

• 

Temperature 
range  CC.) 

Cbarooal 

800-1,100 

900-1,300 

1,100-1,300 

1.155 
1.175 
1.0B2 

Coke 

Anthracite 

It  has  been  previously  stated  (p.  20)  that  the  speed  of  chemical 
reactions  increases  far  more  rapidly  with  rise  of  temperature  than 
the  rate  of  diffusion  of  gases. 

Table  11  gives  the  observed  increase  in  velocity  of  the  reaction 
C02+C=2CO,  and  the  increase  in  rate  of  diffusion  over  the  same 
temperature  intervals  calculated  on  the  assumption  that  diffusion 
increases  with  the  square  of  the  temperature. 

Table  11. — Relative  rates  of  increase  in  reaction  velocity  and  diffusion  constant. 


Form  of  carbon. 

Temperature 
range  (•€.). 

Observed 
Increase  in  re- 
action velocity 

Calculated  in- 
crease in  diffu- 
sion constant. 

Charooal 

800-1,100 

900-1,300 

1,100-1,300 

75     fold 

576     fold 

4. 9  fold 

1.64  fold 
1.80  fold 
1.31  fold 

Coke 

Anthiic*tA 

It  seems  probable  from  the  high  values  of  the  increase  of  \  with 
rising  temperature,  found  in  our  experiments  and  shown  in  the  third 
column  of  this  table,  that  the  determining  factor  in  speeds  of  the 
reactions  under  consideration  is  the  velocity  of  chemical  combination 
and  not  of  diffusion. 

But  aside  from  the  question  as  to  whether  or  not  the  laws  of 
reaction  velocity  apply  to  the  heterogeneous  reaction,  CXJj-f  C  =  2C0, 
the  equations  given  in  this  paper  expressing  a;  as  a  function  of  t, 
and  ij  and  K  as  functions  of  the  temperature,  fit  the  experimental 
results  obtained.  These  equations,  therefore,  furnish  a  means  for 
calculating  the  percentage  of  CO  formed  for  any  value  of  ^,  the  time 
of  contact,  and  T,  the  temperature  at  which  the  reaction  takes  place. 

SUMMARY. 

1.  The  rate  of  formation  of  CO  in  the  reaction 

C0,-hC-2C0, 

has  been  determined,  with  charcoal  from  800®  to  1,100®  C,  with 
coke 'from  900®  to  1,300®  C,  and  with  anthracite  from  1,100®  to 
1,300®  C. 
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2.  The  differential  equation  for  the  velocity  of  the  incomplete 
reaction,  CO,  +  Ci=^2CO,      . 

has  been  solved  for  Tc'^  and  ^j,  and  it  has  been  shown  that  the  method 
is  applicable  to  other  cases. 

3.  Van't  Hoff's  laws  for  the  variation  of  equilibrium  constants  and 
coefficients  of  reaction  velocity  with  temperature  have  been  applied 
to  the  values  of  Tc^  and  f  obtained  in  these  experiments  and  a  close 
agreement  found  between  observed  and  calculated  values. 

4.  From  a  consideration  of  the  temperature  coefficients  of  i^,  it  is 
probable  that  velocity  of  chemical  combination  and  not  diffusion  is 
the  determining  factor  in  the  speed  of  the  reaction. 

5.  By  means  of  the  equations  expressing  the  laws  referred  to  in 
paragraphs  2  and  3,  it  is  possible  to  compute  the  percentage  of  CO, 
which  is  formed  at  any  temperature  and  with  any  time  of  contact. 

6.  It  has  been  shown  that,  for  the  production  of  a  high  percentage 
of  CO,  the  producer  fuel  bed  should  have  a  temperature  of  1,300®  C. 
or  over,  and  that  increasing  the  depth  of  the  hot  portion  of  the  bed 
will  increase  the  percentage  of  CO  generated  and  consequently  the 
capacity  of  the  producer,  at  first  rapidly  and  then  more  and  more 
slowly. 

7.  To  minimize  the  production  of  CO  in  the  boiler  furnace  the  fuel 
bed  should  be  thin.  Increasing  the  velocity  of  the  gas  will  tend  to 
decrease  rather  than  increase  the  percentage  of  CO  formed. 


EFFECTIVE  TEMPERATURES  FOR  WATER-GAS  GENERATION. 


By  J.  K.  Clement  and  L.  H.  Adams. 


DTTBODTrOTION. 

The  object  of  this  paper  is  to  describe  investigations  which  were 
carried  on  in  the  physical  laboratory  of  the  technologic  branch  of 
the  United  States  Geological  Survey  to  determine  the  influence  of 
temperature  on  the  rate  of  formation  and  on  the  composition  of 
water  gas,  and  to  ascertain  the  most  favorable  conditions  for  the 
economical  production  of  combustible  gases  from  water  vapor  and 
carbon. 

Incandescent  carbon  combines  readily  with  water  vapor,  forming 
a  mixture  of  hydrogen,  carbon  monoxide,  carbon  dioxide,  and,  as  is 
shown  by  the  results  of  the  investigation  described,  a  small  quantity 
of  methane.    The  principal  reactions  are  represented  by  the  equations 

HjO  +  C    =C0  -f  H, 

2H,0  +  C    =CO,H-2H, 

Hfi  +  CO^H^  H-CO, 

The  composition  of  the  gas  obtained  when  a  stream  of  superheated 
steam  is  passed  through  a  bed  of  glowing  carbon,  as  well  as  the 
quantity  of  steam  decomposed  in  a  given  time,  vary  with  the  tem- 
perature, the  rate  of  flow,  and  the  kind  of  carbon  used. 

DESOBIPTION  OF  EXPERIMENTS. 
APPARATUS   AND  METHODS. 

The  methods  employed  were  substantially  the  same  as  had  been 
used  in  the  preceding  investigation  of  the  reactions  between  carbon 
dioxide  and  carbon  (pp.  9,  10).  Carbon — coke  or  charcoal — crushed 
and  screened  to  pieces  about  5  mm.  in  diameter  was  placed  in  a  tube 
of  refractory  material  (Berlin  porcelain  or  quartz  glass)  and  a  current 
of  superheated  steam  passed  through  it. 

Headng  coU  and  auperJieater, — ^The  arrangement  of  apparatus  is 
illustrated  in  figure  8.  Steam  was  generated  by  means  of  an  electric 
heating  coil  and  passed  through  a  spiral  copper-tube  superheater, 
and  thence  into  the  top  of  the  reaction  tube.     By  regulating  the 
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current  in  the  heating  coil,  the  rate  of  flow  of  steam  could  be  readily 
adjusted  to  any  desired  value,  and  its  flow  made  uniform. 

Electrie  furnace  and  reaction  tvhe. — The  electric  furnace  shown  in 
figure  8  is  of  the  same  general  type  as  that  used  in  the  exjwrimeDts 
with  carbon  dioxide  and  carbon  already  described.  The  nickel  heating 
coil  of  the  earlier  furnace,  however,  was  replaced  by  one  of  "  nichrome ' ' 
wire  obtained  from  the  Driver-Harris  Company,  of  Harrison,  N.  J. 
Compared  with  nickel,  this  alloy  possesses  the  advantages  of  lower 
temperature  coefficient  of  resistance,  higher  fusion  point,  and  less 
tendency  to  become  brittle  at  high  temperatures. 

A  number  of  experiments  were  made  with  the  furnace  at  a  tempera- 
ture of  1,300"  C,  and  it  is  not  improbable  that  a  somewhat  higher 
temperature  may  be  produced  without  destroying  the  heating  coil. 


FiovsB  8.— Amngcanent  o(  beatlDg  t»ll,  saperbealer  sod  «lecuie  fumaoe. 

Figure  8  shows  the  reaction  tube  in  position  in  the  furnace.  By 
means  of  suitable  rheostats  any  temperature  up  to  1,300°  C.  could  be 
readily  obtained,  and  the  temperature  could  be  kept  constant  to 
within  1°  or  2°  C. 

In  order  to  hare  the  temperature  of  the  reacting  material  as  nearly 
uniform  as  possible,  only  the  central  portion  of  the  tube  was  filled 
with  carbon.  The  lower  part  of  the  tube  was  filled  with  pieces  of 
broken  porcelain,  which,  in  addition  to  forming  a  support  for  the 
carbon,  reduced  the  size  of  the  passageway,  thereby  increasing  the 
velocity  of  the  gas,  through  the  region  of  variable  temperature. 

After  three  weeks'  use  at  800°  and  900°  C. — the  furnace  being 
allowed  to  cool  at  night  during  the  first  two  weeks  and  being  heated 
continuously  during  the  third  week— the  quartz-glass  tube  was  found  to 
be  completely  devitrified.  All  experiments  at  1,000°0.  and  over  and 
four  experiments  at  900°  C.  were  made  in  a  tube  of  BerUn  porcelain. 
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AncUysis  of  gases, — After  passing  through  the  reaction  tube  the 
gas  was  led  in  turn  through  an  empty  Unshaped  drying  tube  and  a 
tube  containing  calcium  chloride,  in  which  the  moisture  was  con- 
densed and  weighed.  The  fixed  gases  were  then  collected  over 
mercury  and  analyzed,  in  Babb's  improved  Orsat  apparatus,  for 
CO,,  O2,  CO,  Hj,  and  CH^.  The  analyses  were  checked  from  time  to 
time  by  the  Hempel  method. 

MeasureTnerU  of  temperatures. — ^Temperature  measurements  were 
made  by  means  of  a  platinum-rhodium  thermocouple  and  a  high 
resistance  milUvoltmeter.  At  the  higher  temperatures  the  thermo- 
couple wires  deteriorated  rapidly — probably  because  of  the  reducing 
action  of  the  gases  on  the  insulating  tubes  or  on  the  ash  of  the  coke — 
and  the  hot  portion  of  the  wires  became  brittle  and  fell  to  pieces. 
The  couple  had  to  be  frequently  repaired  by  removing  the  contami- 
nated part  and  re-fusing  the  wires,  and  finally  had  to  be  replaced  by 
a  new  couple. 


Table  12. 

—Remits  of  experiments  mth  coke  at  800°  to  l.SOCP  C. 

No. 
of  ex- 
peri- 
ment. 

1 

Tem- 
pera- 
ture 
CC). 

Time 
of  con- 
tact in 
seconds, 
t. 

1 
i 

Composition  of  dry  gas  (per 
cent). 

Composition  of  total  gas  (per  cent). 

COt. 

CO. 
6 

H«. 

CH4. 

Total. 

H,0. 

CO,. 
11 

CO. 

H,. 

CH«. 

2 

S 

4 

6 

7 

8 

9 

10 

99.1 

12 

IS 

14 

1 

800 

1.010 

0.983 

4.8 

34.4 

42.5 

81.7 

0.06 

0.40 

0.49 

2 

800 

.627 

1.594 

3.6 

31.3 

41.7 

70.6 

99.4 

.03 

.25 

.34 

3 

800 

.416 

2.40 

4.2 

35.0 

45.5 

84.7 

99.6 

.02 

.16 

.21 

4 

900 

8.35 

.120 

9.8 

30.4 

45.7 

2.6 

87.9 

75.4 

2.75 

8.51 

12.78 

0.57 

5 

900 

2.96 

.337 

6.8 

39.8 

47.5 

1.9 

96.0 

89.5 

.75 

4.36 

5.22 

.21 

6 

900 

2.88 

.347 

8.1 

37.0 

46.7 

2.1 

93.9 

89.5 

.91 

4.16 

5.25 

.23 

7 

900 

1.47 

.679 

7.9 

36.0 

46.6 

1.8 

02.3 

92.9 

.61 

2.78 

8.60 

.14 

8 

900 

1.37 

.728 

6.0 

41.2 

47.8 

1.7 

96.7 

92.3 

.48 

3.29 

3.82 

.14 

9 

900 

.721 

1.387 

6.4 

40.1 

47.9 

2.2 

96.6 

95.0 

.33 

2.06 

2.60 

.11 

10 

900 

.608 

1.643 

4.8 

41.3 

47.9 

1.6 

95.6 

95.6 

.27 

2.34 

2.71 

.08 

U 

900 

.500 

2.000 

6.0 

40.8 

47.5 

1.9 

96.2 

96.2 

.24 

1.62 

1.88 

.08 

12 

900 

.442 

2.262 

5.5 

42.7 

48.1 

1.6 

97.9 

96.7 

.19 

1.45 

1.63 

.05 

13 

900 

.428 

2.336 

b.\ 

41.3 

47.4 

1.8 

95.9 

97.4 

.15 

1.12 

1.28 

.06 

14 

900 

.272 

3.68 

4.9 

41.9 

5k  8 

98.6 

98.0 

.10 

.86 

1.06 

15 

900 

.245 

4.06 

5.0 

39.5 

48.0 

i.2 

94.6 

97.9 

.13 

.90 

1.09 

.03 

16 

1,000 

6.98 

.142 

13.6 

28.6 

49.3 

2.6 

94.1 

69.8 

4.38 

9.16 

15.80 

.84 

17 

1,000 

3.42 

.292 

10.7 

33.6 

50.3 

2.0 

96. 6 

78.4 

2.40 

7.53 

11.28 

.45 

18 

1.000 

2.64 

.379 

9.6 

35.1 

48.4 

1.9 

95.0 

81.3 

1.89 

6.92 

9.56 

.37 

19 

1,000 

1.504 

AilA 

8.7 

37.3 

49.7 

1.9 

97.6 

84.2 

1.41 

6.05 

8.07 

.30 

20 

1,000 

1.025 

.976 

7.8 

38.0 

48.5 

1.6 

95.9 

8H.7 

.91 

4.48 

5.71 

.19 

21 

1,000 

.733 

1.364 

7.2 

38.6 

48.7 

1.7 

96.2 

90.6 

.70 

3.76 

4.75 

.17 

22 

1,000 

.437 

2.29 

8.0 

38.2 

49.3 

1.8 

97.3 

93.7 

.52 

2.48 

3.22 

.11 

23 

1,000 

.244 

4.06 

7.1 

39.0 

48.1 

1.9 

96.1 

96.4 

.27 

1.47 

1.81 

.08 

24 

1,100 

7.97 

.1255 

14.6 

28.1 

53.1 

1.4 

97.2 

34.9 

9.8 

18.8 

35.6 

.90 

25 

1,100 

1.970 

.607 

12.8 

28.9 

51.2 

1.5 

94.4 

67.6 

4.40 

9.92 

17.6 

.51 

26 

1,100 

1.034 

.067 

13.3 

30.5 

52.5 

1.9 

98.2 

76.8 

3.16 

7.22 

12.41 

.44 

27 

1,100 

.493 

2.026 

14.8 

28.0 

54.1 

1.4 

98.3 

88.6 

1.73 

3.25 

6.30 

.16 

28 

1,100 

.377 

2.65 

13.4 

28.9 

51.5 

1.7 

95.5 

90.1 

1.30 

3.00 

5.36 

.18 

29 

1,100 

.259 

3.85 

13.3 

30.4 

53.1 

1.4 

98.2 

92.0 

1.09 

2.48 

4.32 

.11 

30 

1,200 

11.06 

.0903 

.3 

51.8 

42.9 

1.0 

96.0 

6.0 

.8 

61.3 

42.5 

1.0 

31 

1.200 

4.48 

.2224 

.6 

52.1 

43.1 

1.2 

97.0 

17.0 

.5 

44.6 

37.0 

.9 

32 

1.200 

2.132 

.468 

.0 

48.6 

44.8 

1.6 

95.8 

52.3 

.4 

24.2 

22.3 

.8 

33 

1,200 

.866 

1.156 

7.4 

39.3 

49.4 

1.2 

97.3 

74.8 

1.92 

10.18 

12. 8D 

.31 

34 

1,200 

.478 

2.064 

11.6 

33.1 

53.4 

1.1 

99.1 

80.8 

2.23 

6.43 

10.37 

.23 

35 

1,200 

.337 

2.96 

3.6 

46.3 

47.0 

1.9 

98.8 

83.0 

.62 

8.00 

8.11 

.32 

36 

1,300 

4.32 

.2314 

.4 

60.5 

43.7 

1.9 

96.5 

.0 

.4 

52.4 

45.3 

2.0 

87 

1,300 

2.25 

.443 

.3 

49.2 

42.4 

1.7 

93.6 

2.1 

.3 

51.5 

44.3 

1.8 

38 

1,300 

1.633 

.612 

.3 

49.5 

43.9 

1.8 

95.6 

7.7 

.3 

47.8 

42.5 

1.7 

39 

1,300 

1.245 

.802 

.3 

49.5 

45.8 

1.9 

97.6 

17.4 

.3 

41.9      38.8 

1.6 

The  measurements  of  temperatures  were  accurate  within  about  5^ 
below  1,100°  C.  and  within  5 "^  to  15°  between  1,100°  and  1,300°  C. 
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BBSXTLTS  OF  EXPERIMENTS. 
EXPERIMENTS   WITH   COKE. 

The  results  of  the  experiments  with  coke  are  given  in  Table  12. 

The  time  of  contact,  t,  given  in  column  3,  was  calculated  from  the 

V  S 
equation  t-=^S  -p'-^  where  S  is  the  time  required  to  fill  sample  tube, 

8  and  6^  the  absolute  temperature  of  the  carbon  and  of  the  sample 
tube,  respectively,  V  the  volume  of  the  sample  tube,  and  v  the  vol- 
ume of  the  free  passages  through  the  carbon.  The  latter  is  deter- 
mined by  the  dimensions  of  the  portion  of  the  reaction  tube  which 
is  occupied  by  carbon  and  the  weight  and  apparent  density  of  the 
carbon.  Since  v  can  not  be  determined  accurately  and  the  formula 
for  t  rests  on  the  assumption  that  the  volume  of  the  gas  undei^oes 
no  change  during  the  reaction,  t  is  only  approximately  correct.  The 
errors  in  t,  however,  are  nearly  constant,  so  that  the  values  given  in 
the  table  may  be  safely  used  for  purposes  of  comparison. 

Table  13. — Remits  of  experiments  with  charcoal  at  1^100^  C. 


No.  of 
experi- 
ment. 

Time  of 
contact, 
In  sec- 
onds, I. 

1 
t 

Composition  of  gas  (per  cent). 

H,0. 

COt. 

CO. 

H,. 

CH«. 

Total 
fixed 
gases. 

101 
102 
103 
104 

6.02 
5.62 
3.37 
1.773 

0.1444 
.1778 
.2968 
.663 

0.0 

.9 

12.3 

20.8 

0.0 
.1 
.3 
.4 

50.5 
50.1 
43.3 
89.6 

47.3 
48.1 
43.4 
39.0 

1.3 
.8 
.7 
.2 

99.1 
99.1 
87.7 
79.2 

The  reciprocal  of  the  time  of  contact,  -,  is  the  velocity  of  the  gas 

divided  by  .the  length  of  the  carbon  column  or  fuel  bed.  If  the  latter  is 
taken  as  unity,  then  -  is  the  velocity.     For  example,  if  the  depth  of 

bed  is  1  foot,  then  ~  is  the  gas  velocity  in  feet  per  second.     The  dif- 

z 

ference  between  100  per  cent  and  the  values  given  in  column  9  of 
the  table  is  the  amount  of  air  present.  In  most  cases  the  amount  of 
oxygen  found  was  one-fifth  of  this  difference,  indicating  that  the  air 
leaked  into  the  gas  after  the  latter  had  left  the  reaction  tube.  When 
the  per  cent  of  water  vapor  in  the  gas  leaving  the  tube  is  high,  a 
slight  trace  of  air  in  the  wet  gas  may  amount  to  several  per  cent  of 
the  water-free  gas. 

The  hydrogen  and  methane  content  of  the  dry  gas  shows  no  sys- 
tematic variation.  It  is  probable  that  at  the  higher  temperatures 
some  hydrogen  diffused  through  the  wall  of  the  porcelain  tube,  and 
that  in  the  experiments  at  1,200®  and  1,300°  C.  the  hydrogen  content 
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is  too  low.  At  these  temperatures  the  amount  of  hydrogen  found 
is  several  per  cent  lower  than  would  correspond  to  the  relation 
Ha=CO  +  2CO,-2CH,. 

Although  the  variation  is  not  regular,  it  is  apparent  from  the  fig- 
ures in  columns  5  and  6  that  with  the  rise  in  temperature  the  percent- 
age of  carbon  dioxide  in  the  dry  gas  decreases  and  that  of  carbon 
monoxide  increases. 

In  the  work  of  Harries,  mentioned  on  pages  51  and  52,  no  methane 
is  reported,  and  it  is  not  apparent  that  a  test  was  made  for  this  gas. 

EXPEBIMEl^^S  WITH  CHABCOAL. 

Table  13  contains  the  results  of  a  series  of  experiments  at  1,100°  C. 
in  which  willow  charcoal  was  used  instead  of  coke.  The  results  show 
that  charcoal  reacts  with  water  vapor  much  more  rapidly  than 
coke.  The  water  vapor  was  practically  completely  decomposed  in  5 
seconds. 

DISCUSSION   OF  BESULTS. 

Formation  of  methane, — ^The  possibihty  of  forming  methane  in  the 
gas  producer  by  the  combination  of  steam  and  carbon  probably  has 
not  been  considered  heretofore.  The  methane  contained  in  pro- 
ducer gas  is  generally  attributed  to  the  destructive  distillation  of  the 
fuel,  and  doubtless  the  greater  portion  of  it  is  formed  in  this  way. 
But  the  relatively  large  amounts  of  methane  found  in  the  experi- 
ments here  described — usually  about  2  per  cent  of  the  dry  gas — '■ 
make  it  highly  probable  that  an  appreciable  part  of  the  methane 
content  of  producer  gas  is  due  to  the  combination  of  steam  and  car- 
bon. This  conclusion  is  confirmed  by  a  gas-producer  test  with  coke, 
made  in  the  fuel-testing  plant  of  the  United  States  Geological  Survey, 
in  which  the  gas  contained  an  average  of  0.2  per  cent  of  methane. 

As  to  the  possibility  of  the  methane  found  in  these  experiments 
being  due  to  impurities  in  the  coke,  it  was  repeatedly  proven  that 
heating  the  charge  for  several  hours  produced  no  reduction  in  the 
amount  of  methane  obtained  when  water  vapor  was  passed  over 
the  coke.  Previous  to  beginning  the  experiments  with  charcoal  the 
charge  was  heated  for  2  hours  at  1,100°  C.  in  order  to  drive  off  the 
volatile  content  of  the  charcoal.  In  this  connection  recent  experi- 
ments by  Mayer,  Henseling,  and  v.  Altmeyer**  are  of  interest. 

By  passing  a  mixture  of  carbon  dioxide  or  carbon  monoxide  and 
hydrogen  over  a  catalyser  of  finely  divided  nickel  or  cobalt,  heated 
to  200®  to  600**  C,  these  investigators  have  obtained  large  quantities 
of  methane — 50  to  60  per  cent. 

Under  favorable  conditions  the  carbon  monoxide  could  be  com- 
pletely reduced  to  methane.     By  passing  hydrogen  over  carbon  which 

a  J.  fOr  Gasbel,  vol.  52, 1909,  pp.  166, 194, 288, 826. 
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had  previously  been  deposited  on  the  nickel  catalyser  a  gas  contain- 
ing over  90  per  cent  CH^  was  obtained  at  a  temperature  of  245**  C. 
A  mixture  of  carbon  monoxide  and  water  vapor  passed  over  a  nickel 
catalyser  at  300°  C.  yielded  18.8  per  cent  methane.  Finally  nitrogen 
saturated  vnth  water  vapor  at  80°  to  90°  C.  was  led  over  finely 
divided  carbon  deposited  on  nickel,  at  246°,  286°,  and  330°  C,  and 
as  much  as  9.18  per  cent  of  methane  was  found  in  the  resultant  gas. 
According  to  Mayer  and  v.  Altmeyer,  methane  is  98.5  per  cent 
dissociated  at  850°  C.  and  99.5  per  cent  at  1,000°  C.  At  1,200°  C. 
the  dissociation  of  methane  is  practically  complete.  The  amoimts  of 
methane  shown  in  column  14,  Table  13,  at  1,000°  C.  and  above  are 
too  high  to  be  in  equilibrium  with  hydrogen,  and  therefore  can  not 
be  entirely  accounted  for  by  the  reaction,  C  +  2  H, =€£[4.  The  equi- 
Ubrium  between  methane,  hydrogen,  and  carbon,  however,  might  be 
brought  about  by  one  or  more  of  the  following  reactions: 

CO  +3H,    =CH4+H,0. 
C0a  +  4H,    =CH4  +  2H,0. 
2C  +2H,0=CH4+COa. 

While  at  temperatures  between  200°  and  500°  C.  these  reactions 
take  place  only  under  the  influence  o{  a  catalyser,  it  is  not  improb- 
able that  at  higher  temperatures  they  may  take  place  without  a 
catalyser. 

BELATION  OF  YIELD  AND  COMPOSITION  OF  OAS  TO  TEMPEBA- 

TUBE  AND  TIME  OF  CONTAOT. 

DISCUSSION  OF  BE8ULTS. 

Figures  9  to  16  show  the  variation  of  the  amount  of  water  vapor 
decomposed  and  of  the  composition  of  the  gas  with  temperature  and 
gas  velocity.  In  every  case  the  ordinate  represents  the  percentage 
composition  by  volume  of  the  gas.  In  figures  11  and  16  the  ab- 
scissa is  the  temperature  of  the  reaction  in  degrees  centigrade.  In 
the  other  figures  the  abscissa  represents  the  reciprocal  of  the  time 

of  contact,  -r,  which  for  constant  dimensions  of  fuel  bed  is  propor- 
tional to  the  gas  velocity:  ^  ^  ^epth^f^  bedT  ^  V     ^^  ^  =  ^   ^^^*'   ^=" 

y  =  velocity  in  feet  per  second. 

In  figure  9  is  shown  the  per  cent  of  fixed  gas  (100  — the  per  cent 
of  water  vapor)  formed  at  900°  to  1,300°  C.  The  results  for  800° 
C.  are  not  shown.  The  amount  of  water  decomposed  at  this  tem- 
perature was  always  less  than  1  per  cent.  The  ordinates  for  zero 
velocity  (^=Qo)  were  taken  from  results  of  experiments  by  Harries 
which  wiU  be  discussed  later.     (See  pp.  61,  52). 
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It  will  be  seen  that  below  1,200°  C,  even  with  the  lowest  veloci- 
ties reached — about  one  bubble  of  gas  per  second — the  per  cent  of 
fixed  gas  formed  is  much  lower  than  that  found  by  Harries.    With 


TiauKK  8,— VutaUonatpercenUgBattoUilllxedKHaaromied  wlthcluulgai>le*aTdoolt:r' 

increase  in  gas  velocity  the  per  cent  of  water  decomposed  faUs  oflf 
very  rapidly  at  first,  until  a  velocity  of  about  1  foot  per  second 
(assuming  depth  of  fuel  bed  =  1  foot)  is  reached.  Beyond  this  point 
the  decrease  of  the  per  cent  of  fixed  gas  formed  with  increasing  velocity 


V  or  GAS  Divioco  ev  depth  a 


is  slow.  Below  1,200°  C,  with  velocities  of  the  magnitude  found 
in  producer  o[»eration  (over  1  foot  per  second),  less  than  one-fifth 
of  the  water  vapor  passed  over  the  carbon  is  decomposed. 
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The  results  of  the  experiments  with  charcoal  at  1,100"  C,  are 
represented  by  the  upper  curve  of  figure  10,  The  lower  curve 
represents  the  results  with  coke  at  the  same  temperature,     A  com- 


FI0U»B11.— VBriattonotperCBntagaottotalflMclgMtsbnned  vlthch«ng8  0fftiBl-bBd  Umpccmture. 

parison  of  the  two  curves  shows  that,  except  with  very  low  veloci- 
ties, more  than  double  the  percentage  of  fixed  gas  is  obtained  with 
charcoal  than  with  coke. 


>d  Mmperatun  ot  900*  C, 


The  influence  of  temperature  on  the  amount  of  water  decomposed 
is  further  illustrated  by  figure  1 1 ,  in  which  the  percentage  of  fixed  gaa 
formed  from  coke  and  water  vapor  at  various  gas  velocities  is  plotted  as 
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a  fuDction  of  the  temperature.  Each  curve  corresponds  to  a  particular 
velocity  or  time  of  contact.  The  upper  curve,  7  ■"  0,  waa  plotted  from 
Etarries's  values  and  represents  the  condition  of  equilibrium.    It  shows 


that  with  infinite  time  of  contact,  or  zero  velocity,  a  temperature  of 
1,100"  C.  will  be  required  in  order  for  the  decomposition  of  the  water 
vaporto  be  practically  complete.    With  avelocityof  0.5  foot  per  second 


(depth  of  fuel  bed  =  1  foot)  and  a  time  of  contact  of  2  seconds,  the 
decomposition  of  the  water  vapor  will  be  nearly  complete  at  1,300°  C. 
To  obtain  the  same  amount  of  fixed  gases  with  a  velocity  of  2  feet 
87388°— Bull.  7—11 i 
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per  second  and  the  same  depth  of  fuel  bed,  the  temperature  must  be 
raised  at  least  100"^  C.    But,  since  ■j'~j,  if  v  and  I  are  increased  in 


d  tempentura  of  I,3IX>*  C, 


the  same  proportion,  and  j  remains  constant,  the  amount  of  fixed 
gases  fonned  will  not  change  as  long  as  the  temperature  remains 


I 


i 


FtDuai  lfl.—VulatlDD  In  oomposiUoQ  ol  pa  with  rise  ol  tempeiatun,  trbaa  the  time  of  contact  is  2  aeconda 

the  same.  Thus,  with  a  temperature  of  1,300°  C.  the  percentage 
of  steam  decomposed  in  a  fuel  bed  10  feet  in  depth  with^a  gas  veloc- 
ity of  10  feet  per  second  will  be  the  same  as  in  a  fuel  bed  1  foot  deep 
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with  a  gas  velocity  of  1  foot  per  second.  In  both  cases  77  per  cent 
of  the  steam  will  be  decomposed. ' 

The  variation  of  the  composition  of  the  gas  with  velocity  at 
temperatures  of  900®  to  1,200®  C.  is  shown  graphically  in  figures 
12  to  15.  The  curves  through  the  observed  points  are  continued 
by  dotted  lines  to  the  values  found  by  Harries,  which  are  assumed 
to  correspond  to  zero  velocity.  The  curves  for  H,  and  CO  have 
the  same  general  direction  as  the  curve  for  total  fixed  gases.  The 
curve  for  H,  is  higher  than  that  for  CO  by  an  amount  which  agrees 
with  the  relation  H,==C0  +  2  00,-2  CH„  except  at  1,200®  C.  At 
this  temperature  the  hydrogen  content  is  low — especially  at  the 
lower  velocities — and  it  is  probable  that  some  of  the  hydrogen 
diffused  through  the  walls  of  the  porcelain  tube.  As  the  rate  of 
diffusion  through  the  wall  would  be  independent  of  the  gas  velocity 
inside  of  the  tube,  its  effect  on  the  composition  of  the  gas  would  be 
more  marked  at  low  velocities. 

The  variation  of  the  various  components  of  the  gas  with  tempera- 
ture and  with  constant  gas  velocity,  or  time  of  contact,  is  shown 
in  figure  16.  It  will  be  seen  that  the  combustible  constituentd,  CO 
and  H,,  increase  steadily  with  rising  temperature  until  a  tempera- 
ture is  reached — slightly  over  1,300®  C. — at  which  the  decomposi- 
tion of  the  steam  is  practically  complete.  The  CO,  curve,  on  the 
other  hand,  reaches  a  maximum  at  about  1,100®  C,  and  then  grad- 
ually falls  off  with  rising  temperature.     The  curves  in  figure  16 

correspond  to  a  value  of  7  =  0.5,  ^==2  seconds.  With  a  higher  veloc- 
ity and  lower  time  of  contact,  the  amount  of  fixed  gases  obtained  at 
any  given  temperature  would  be  less,  and  a  correspondingly  higher 
temperature  would  be  required  for  complete  decomposition  of  the 
steam. 

EQUILIBRIUM    BETWEEN    CARBON    DIOXIDE,    CARBON    MONOXIDE,  AND 

CARBON. 

At  temperatures  of  900®  to  1,100®  C,  except  with  very  low 
velocities,  the  per  cent  of  CO3  present  is  roughly  proportional  to 
the  amount  of  water  vapor  decomposed.  The  lower  the  velocity 
and  the  greater  the  time  of  contact,  the  greater  is  the  amount  of 
CO3  obtained.  The  results  presented  in  the  preceding  paper,  as 
well  as  the  investigation  of  Boudouard  **  and  of  Mayer  and  Jacoby,  ^ 
show  that  at  temperatures  of  1,000®  C.  and  above,  CO3  combines 
readily  with  carbon  to  form  CO,  as  expressed  by  the  equation 
C4-C03  =  2CO,   and   that  above   1,100®  C.  this  transformation  is 

o  Boudouard,  Ann.  Chem.  Phys.,  vol.  24, 1901,  p.  1. 

^  Mayer  and.Jaooby,  J.  fur  Gasbel.,  vol.  52, 1909,  pp.  282,  305, 
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practically  complete.  According  to  Table  2  (p.  14),  a  mixture 
of  CX)  and  CO,  in  equilibrium  with  coke,  and  under  a  pressure  of  1 
atmosphere,  will  contain  the  gases  in  the  following  proportions: 

ComposiUon  of  a  mixture  of  CO  and  CO,  when  in  equUibrium  vnth  oohe. 


Tempera- 

tUTBC^C). 

CO 
(per  cent). 

GOt 

(peroent). 

900 
1,000 
1,100 
1,200 
1,300 

83.2 
94.5 
96.1 
99.4 
99.7 

16.8 

5.6 

1.9 

.6 

3 

At  any  given  temperature,  in  a  mixture  of  CO  and  CO,  in  equilib- 

(CO)' 
rium  with  carbon,  -pQ— =  constant.     In  mixtures  containing  about 

50  per  cent  CO,  therefore,  the  CO,  content  wiU  be  even  less  than  the 
values  given  in  the  table.  As  the  gas  velocity  approaches  zero,  then, 
the  curves  showing  the  percentage  of  CO,  will  have  to  pass  through 
a  maximum.  The  CO,  curve  for  1,200®  C,  figure  15,  has  a  maxi- 
mum at  about  7  =  2.     If  the  CO,  curves  for  1,000®  and  1,100®  C.  are 

continued  to  ^=0,  they  will  have  to  pass  through  a  maximum  and 

then  fall  off  toward  the  percentages  of  CO,  corresponding  to  the 

(CO)' 
PQ    ratios  in  the  above  table.     The  dotted  lines  in  figures  13  and  14 

show  the  probable  direction  of  the  CO,  curves. 

THE   WATER-GAS   BEAGTIONS. 

The  process  of  the  formation  of  water  gas  is  by  no  means  a  simple 
one.  Hydrogen,  carbon  monoxide  and  carbon  dioxide  may  be  formed 
primarily  by  the  reactions: 

(1)  H,0  +  C=  H,  +  CO 

(2)  2H,0-|-C  =  2H3  +  CO, 

These  products  may  undergo  a  readjustment  in  accordance  with 
the  equations: 

(3)  H,0  +  C0^H,4-C0, 

(4)  CO,  +C  ^2C0 

As  reactions  (1)  and  (2)  can  not  be  studied  separately,  it  is  difficult 
to  determine  the  relative  importance  of  the  individual  reactions  m 


EFFECTIVE   TEMPERATUBES   FOB   WATEB-GAS   GENEBATION.        51 

the  formation  of  water  gas.  A  consideration  of  the  equilibrium 
constants  of  reactions  (3)  and  (4)  indicates  the  direction  in  which 

these  reactions  may  take  place:  The  ratio  Tj  ypA    calculated  from 

the  results  in  Table  12  is  much  greater  (usually  ten  times)  than  the 
constants  determined  by  Luggin,  Hahn,  and  Haber.^  Reaction  (3) 
therefore,  according  to  the  law  of  chemical  mass  action,  can  take 
place  only  from  left  to  right;  that  is,  in  the  direction  in  which  H, 
and  CO,  are  formed.  Similarly,  since  the  per  cent  of  CO,  present 
at  temperatures  above  1,000^  C  is  in  excess  of  the  amount 
which  could  be  in  equilibrium  with  carbon  and  CO,  reaction  (4)  can 
take  place  only  in  the  direction  in  which  CO  is  formed.  Car- 
bon dioxide  may  be  formed  by  reactions  (2)  and  (3)  but  not  by 
reaction  (4).  The  maximum  in  the  CO,  curves  for  1,000°,  1,100°, 
and  1,200°  C,  shown  m  figures  12  to  14,  indicates  that  the  CO, 
formed  by  reactions  (2)  and  (3)  is  afterwards  broken  up  by  reac- 
tion (4). 

The  previous  investigation  of  the  velocity  of  the  reaction  (4) 
yielded  values  too  low  to  account  for  the  rapid  formation  of  CO  in 
the  experiments  with  water  vapor  and  carbon.  The  greater  part  of 
the  CO  found,  then,  must  be  due  to  reaction  (1),  and  this  reaction 
seems,  therefore,  to  be  the  dominant  one.    There  is  not  sufficient 

evidence  to  demonstrate  whether   the  increase  in  the  ratio    pTy 

with  rise  in  temperature,  is  due  to  the  increase  in  the  speed  of  reac- 
tion (1)  over  reaction  (2),  or  to  the  increase  in  the  velocity  of  reac- 
tion (4). 

BESTJLTS  OF  PREVIOUS  INVESTIOATIONS. 

The  action  of  water  vapor  on  carbon  at  high  temperatures  has 
been  investigated  by  Harries^  and  Farup.^  The  latter  conducted 
experiments  at  temperatures  between  821°  and  911°  C.  He  passed 
a  stream  of  nitrogen  and  water  vapor  through  a  porcelain  tube  con- 
taining a  carbon  rod  4  mm.  in  diameter  and  about  10  cm.  long  and 
determined  the  amount  of  water  decomposed.  The  greatest  change 
in  water- vapor  concentration  was  from  44.3  to  35.9  per  cent  by  volume. 
The  gas  velocity  was  quite  low,  the  average  time  of  contact  being 
about  5  minutes. 

Farup's  results  are  of  interest  in  illustrating  the  extreme  sluggish- 
ness of  the  reactions  between  carbon  and  water  vapor  at  tempera- 
tures below  900°  C. 

a  See  p.  52- 

fr  J.  fur  Gasbel.,  18M,  p.  82;  also  Haber,  Ttaermodyiiamlcs  of  technteal  gas  reacttons,  London,  1906,  p.  138. 

c  Zfllt.  f.  Anorgan.  Chem.,  vol.  50, 1906,  p.  276. 
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Harries  passed  water  vapor  over  charcoal  and  determined  the  com- 
position of  the  resulting  gas.  His  results  are  shown  in  the  following 
table: 

Table  14. — Homes' s  experimenU  with  water  vapor  and  charcoal. 


Tempera- 
ture. 
CC). 

Oas  veloo* 
Ityper 
second 

(Uters). 

H> 

CO. 

C0^ 

H|0. 

87.12 

_    (H,0)(CO) 
^-(CO,)Hr 

KifiaX.) 
(Luggln). 

674 

0.9 

8.41 

0.63 

3.84 

1.70 

0.40 

758 

1.8 

22.28 

2.67 

9.23 

65.82 

.85 

.70 

838 

3.28 

32,77 

7.96 

12.11 

47.15 

.94 

.98 

861 

5.3 

86.48 

11.01 

13.33 

39.18 

>        .  o9 

1.07 

054 

6.3 

44.43 

32.70 

5.66 

17.21 

2.25 

1.41 

1,010 

6.15 

47.30 

48.20 

1.45 

3.02 

2.12 

1.65 

1,060 

0.8 

48.84 

46.31 

1.25 

3.68 

2.78 

1.88 

1,125 

11.3 

60.73 

48.34 

.60 

.303 

.48 

2.11 

As  he  does  not  state  the  capacity  of  the  containing  vessel  and  the 
quantity  of  charcoal  used,  the  time  of  contact  can  not  be  determined. 
It  is  not  apparent,  therefore,  whether  the  time  of  contact  was  suf- 
ficiently great  for  equilibrium  to  be  established,  although  Lu^in 
has  used  the  results  to  compute  the  equilibrium  constant, 

y  _  Ch20  X  Ceo 
Cco2  X  Ch2 

of  the  reaction  HjO  +  CO?=*COj -f- Hj.  In  the  expression  for  JST,  ChjO, 
Ceo,  Ceos,  and  Chj  denote  the  partial  pressures  of  the  reacting 
gases.  The  values  of  K  given  iii  the  last  column  of  Table  14  were 
calculated  by  means  of  the  equation, 

log  Z= -^^-0.08463  log ^-0.0002203^ +  2.4943. 

Here  S  is  the  absolute  temperature. 

From  the  results  of  more  recent  investigations  of  the  water  gas 
equilibrium  by  Hahn,**  and  with  the  aid  of  Schreber's  values  for  the 
gases  taking  part  in  the  reaction,  Haber  has  obtained  the  following 
expression  for  K, 

log  Z=-?^  + 0.783  log*- 0.00043 X* 

The  fairly  good  agreement  between  the  values  of  K  computed 
from  Harries's  results  and  those  obtained  by  Luggin,  Hahn,  and 
Haber  indicates  that  the  various  constituents  in  the  gases  obtained 
by  Harries  were  in  equilibrium  with  one  another,  though  not  neces- 
sarily with  the  solid  carbon. 

a  Zeit.  f.  phys.  Chem.,  vol.  44,  p.  510,  and  vol.  48,  p.  735. 
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Harries's  results,  then,  give  us  the  composition  of  the  gas  formed 
when  steam  is  passed  over  incandescent  carbon  with  very  low  veloci- 
ties. They  have  been  used,  therefore,  to  plot  the  upper  curve  in 
figure  11,  and  in  determining  the  probable  intersection  with  the 
vertical  axis  of  the  curves  in  figures  9  and  12  to  14. 

APPLICATION  OF  BJBSULTS  TO  GAS-PBODUCEB  PBAGTICE. 
ADVANTAGES   OF  HIGH  TEMPERATURE   AND  DEEP  FUEL  BED. 

The  previous  investigation  of  the  formation  of  carbon  monoxide 
from  carbon  dioxide  and  carbon  led  to  the  conclusion  that,  in  order 
that  the  reaction  <X)j  +  C  =  2C0  in  the  fuel  bed  of  the  gas  producer 
may  be  nearly  complete  and  take  place  in  the  shortest  possible  time, 
a  high  temperature,  not  less  than  1,300°  C,  must  be  maintained. 
The  higher  the  temperature  the  more  rapid  will  be  the  formation  of 
carbon  monoxide;  also,  since  the  amount  of  carbon  monoxide  formed 
increases  with  the  time  the  gases  are  in  contact  with  incandescent 
carbon,  the  greater  the  depth  of  the  incandescent  portion  of  the  bed 
the  greater  will  be  the  percentage  of  carbon  monoxide  obtained. 

The  present  investigation  leads  to  substantially  the  same  con- 
clusions with  regard  to  the  formation  of  hydrogen  and  carbon 
monoxide  from  steam  and  carbon.  With  zero  velocity  (time  of 
contact = 00 )  the  decomposition  of  water  vapor  will  be  practically 
complete  at  1,100*^  C.  With  a  steam  velocity  of  0.5  foot  per  second 
(depth  of  bed  =  l  foot)  a  temperature  of  1,300°  C,  and  with  a  gas 
velocity  of  1  foot  per  second  a  temperature  of  over  1,400°  C.  will  be 
required  for  complete  decomposition  of  water  vapor.     (See  fig.  11.)     If 

-J  =4.0  (time  of  contact  =  i  second)  8  per  cent  of  water  vapor  will  be 

decomposed  at  1,100°  C,  15  per  cent  at  1,200°  C,  32  per  cent  at 
1,300°  C,  and  about  60  per  cent  at  1,400°  C.  An  increase  of  100° 
between  1,100°  and  1,400°  C.  doubles  the  percentage  of  water  vapor 
decomposed  with  a  given  gas  velocity.  The  same  percentage  of  water 
vapor  may  be  decomposed  at  1,300°  C.  with  a  gas  velocity  of  2  feet 
per  second,  as  at  1,170°  C.  with  a  gas  velocity  of  0.5  foot  persecond. 
The  percentage  of  water  yapor  decomposed  by  incandescent  coke 
depends  on  two  factors,  the  temperature  and  the  time  of  contact,  t. 

Q.        1    velocity  of  gas    v    .  .         .  x         xu 

Smce  7  =  -1 — th  f  bp  1  ^  2  *^  given  temperature,  the  same  per- 
centage of  water  may  be  decomposed  with  a  high  velocity  and  a 
deep  bed  of  incandescent  coke  as  with  a  low  velocity  and  a  shallow 

bed,  providing  the  ratio  7  is  the  same  in  each  case.     High  capacity 

and  high  percentage  of  fixed  gases  formed  require,  then,  high  tem- 
perature and  deep  fuel  bed. 
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Of  the  various  chexnical  reactions  which  take  place  in  the  fuel 
bed  of  the  gas  producer  one  only  is  exothermic — that  is,  accom- 
panied by  an  evolution  of  heat: 

C + 0,= CO, + 96960  cal. 

All  other  transformations,  the  distillation  of  hydrocarbons,  the 
reduction  of  CO,  to  CO,  the  reactions  between  water  vapor  and 
carbon  are  endo thermic — accompanied  by  an  absorption  of  heat. 

EFFECT  OF  STEAM. 

The  highest  temperature  in  the  fuel  bed,  and  consequently  the 
most  rapid  production  of  CO  and  the  lowest  amount  of  CO,,  will 
be  obtained  when  dry  air  is  suppUed  to  the  gas  producer.  The 
introduction  of  steam  will  reduce  the  temperature  of  the  bed,  and 
thereby  retard  the  formation  of  CO  from  CO,,  and  C  and  lower  the 
capacity  of  the  producer.  Using  an  air  blast  alone  Wendt  **  obtained 
a  gas  containing  31  per  cent  CO  and  less  than  1  per  cent  COj,  while 
with  air  and  steam  in  the  same  producer  he  obtained  from  19.2  to  28.6 
per  cent  CO  and  from  5.5  to  10.6  per  cent  CO,.  In  the  former  case 
the  temperature  of  the  fuel  bed  was  1,400°  C.  and  in  the  latter  the 
highest  temperature  recorded  was  1,110®  C. 

The  object  of  adding  steam  to  the  blast  of  the  gas  producer  is 
threefold — by  reducing  the  temperature  of  the  fuel  bed  to  avoid 
or  hinder  the  fusion  of  the  ash  and  the  formation  of  clinker;  to  pre^ 
vent  the  destruction  of  the  furnace  walls  from  fusion  or  slagging; 
and  to  reduce  the  heat  losses  in  the  gases  leaving  the  producer. 
When  steam  is  introduced  with  the  air,  part  of  the  energy  which 
would  otherwise  leave  the  producer  in  the  form  of  heat  of  the  gases 
is  absorbed  by  the  endothermic  reactions, 

H,0+C=CO  +  H, 
2H,0  +  C=C03  +  2H3, 

and  thus  made  available  for  doing  work  in  the  gas  engine  or  for 
heating  purposes. 

On  account  of  the  high  percentage  of  CO3  formed  when  relatively 
large  quantities  of  steam  are  added  it  is  doubtf  id  whether  a  real  gain 
in  efficiency  is  accomplished.  In  fact,  the  results  of  investigations 
by  Bone  and  Wheeler  *  on  the  use  of  steam  in  gas  producers  show 
that  with  increasing  amounts  of  steam  there  is  a  gradual  decrease  in 
efficiency  as  well  as  in  the  quahty  of  the  gas.     Their  tests  were  made 

a  Wendt,  Earl,  Untersuchungen  an  Oaaeraeugern;  Stahl  und  Elsen,  1906,  vol.  26,  p.  1184. 
b  Bone,  W.  A.,  and  Wheeler,  R.  W.,  Use  of  steam  in  gas  produoers,  J.  Iron  and  Steel  Inst,  1907,  voL  73, 
p.  126. 
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in  a  Mond  producer,  with  a  rated  capacity  of  1,600  pounds  of  coal 
per  hour.    Some  of  the  results  are  given  in  the  following  table: 

OaS'producer  tests  hyW.A.  Bone  arvd  R.  W.  Wheeler. 


Water 

pound 

coal 

fired. 

Air  per 

pound 

ooal 

fired. 

co> 

CO. 

H,. 

CH4. 

Total 
combus- 
tible gas. 

Effi- 
ciency. 

Paunda. 

0.45 

.55 

.80 

1.10 

1.66 

Cu.ft. 
36.  go 
34.  go 

36.80 

36.  go 

37.10 

Percent. 

6.25 

6.06 

9.16 

11.66 

13.26 

Percent. 
27.30 
26.40 
21.70 
18.36 
1&06 

Percent. 
16.60 
18.30 
16.06 
21.80 
22.60 

Percent. 
3.35 
3.40 
3.40 
3.36 
3.60 

Percent. 
47.20 
47.10 
44.70 
43.50 
42.20 

0.715 
.687 
.660 
.640 
.604 

Bone  and  Wheeler  suggest  as  a  possible  explanation  of  the  increased 
amount  of  CO,  obtained,  when  a  great  amount  of  steam  is  used,  the 
preponderance  of  the  reaction  2H2O  +  C = COj + 2Hj  at  low  tempera- 
tiu-es.  In  view  of  the  low  velocity  of  the  reaction  002  +  0=200  at 
low  temperatures,  as  shown  by  the  results  of  the  previous  investiga- 
tions (pp.  7-15),  it  is  probable  that  the  high  COj  content  of  pro- 
ducer gas  obtained  when  the  temperature  of  the  fuel  bed  is  low  is 
due  largely  to  the  retardation  of  the  latter  reaction. 

A  further  disadvantage  resulting  from  the  use  of  large  quantities 
of  steam  in  the  producer  is  indicated  by  the  curves  in  figures  9  and 
11.  On  account  of  the  cooling  of  the  fuel  bed  only  a  small  part  of 
the  steam  combines  with  the  carbon  to  form  combustible  gases. 
The  remaining  undecomposed  portion  passes  out  of  the  producer, 
carrying  with  it  a  large  amount  of  heat.  In  case  the  steam  is  gen^ 
erated  in  an  auxiUary  boiler,  the  fuel  required  for  its  production  will 
materially  reduce  the  efficiency  of  the  plant. 

FOBMATION   OF  CLINKER. 

The  tendency  of  the  different  types  of  coal  to  form  clinker  depends 
on  the  quantity  and  character  of  the  ash.  With  coals  high  in  ash 
and  when  the  ash  is  readily  fusible,  in  the  types  of  producer  now  in 
use,  the  introduction  of  a  fairly  large  amount  of  steam  is  necessary  to 
avoid  the  formation  of  large  cUnkers.  The  enormous  increase  in 
the  rate  of  gasification  with  rise  in  temperature,  as  shown  in  the 
experiments  described,  suggests,  however,  the  possibility  of  operat- 
ing a  producer  at  very  high  temperatures — 1,600*^  0.  or  more — by 
providing  for  the  removal  of  the  slag  iu  a  Uquid  state  after  the 
manner  of  blast-furnace  practice. 

By  using  a  hot  blast  it  should  be  possible  to  maintain  a  temperature 
of  1,500°  or  1,600°  C.  in  the  fuel  bed.  An  extrapolation  of  the 
curves  in  figure  11  and  in  figure  7  of  the  preceding  chapter  indicates 
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that  at  these  temperatures  a  capacity  many  times  greater  than  that 
of  current  practice  could  be  realized.  A  producer  embodying  this 
principle  would  be  adapted  to  coals  containing  readUy  fusible  ash, 
and  might  even  make  available  certain  coals  which,  because  they 
clinker  badly,  have  no  market  at  present. 

CONCLUSION. 

The  results  presented  show  that  a  high  rate  of  gasification  com- 
bined with  a  h^h  percentage  of  carbon  monoxide  and  a  low  percent- 
age of  carbon  dioxide  and  water  vapor  requires  a  high  temperature 
in  the  fuel  bed. 

The  higher  the  temperature  the  better  will  be  the  quahty  of  the 
gas  and  the  greater  the  capacity  of  the  producer. 

The  use  of  large  amoimts  of  steam  is  inconsistent  with  the  reali- 
zation of  high  temperature,  and  is,  therefore,  to  be  avoided. 

APPLICATION  OF  RESULTS  TO  WATER-GAS  GENERATION. 

In  the  process  of  making  water  gas  the  generator  is  supplied  alter- 
nately with  air  and  steam.  During  the  period  of  blowing  with  air 
the  temperature  of  the  bed  is  raised  as  a  result  of  the  heat  liberated 
by  combustion.  When  the  air  blast  is  shut  off  and  steam  is  blown 
through  the  incandescent  fuel  bed,  heat  is  absorbed  partly  in  raising 
the  temperature  of  the  steam  to  that  of  the  fuel  bed  and  partly  by  the 
endothermic  reactions  between  steam  and  carbon.  Consequently 
the  fuel  bed  is  rapidly  cooled.  The  average  temperature  of  the  bed 
during  the  period  in  which  water  gas  is  being  made  depends  on  the 
duration  of  the  periods  and  on  the  rate  of  supply  of  steam  and  air. 
The  greater  the  air  supply  and  the  less  the  steam  supply  the  higher 
will  be  the  average  temperature. 

Writers  on  the  subject  of  the  water-gas  processes  are  not  entirely 
in  agreement  as  to  the  temperature  at  which  the  generator  can  be 
most  economically  operated.  On  account  of  the  loss  of  heat  through 
the  partial  reduction  of  CO,  to  CO  at  high  temperatures  during  the 
hot  blast,  Jlipner  von  Jonstorff  **  concludes  that  it  is  '*  advantageous 
not  to  raise  the  temperature  of  the  producer  above  900°  C."  On 
the  other  hand,  Rollin  Norris''  writes:  ''The  hotter  the  fire,  the 
greater  the  quantity  of  steanf  it  can  decompose  per  minute."  The 
fire  should  be  as  hot  as  possible  at  the  beginning  of  the  run  and  the 
run  should  be  cut  off  before  the  rate  of  decomposition  is  too  low.  In 
experiments  made  by  G.  W.  McKee,  ^  in  which  steam  was  blown 
through  a  producer  for  8  minutes  at  a  uniform  rate,  it  was  found  that 
the  rate  of  formation  of  gas  fell  off  rapidly  between  the  third  and  fifth 

a  Jflpner  von  Jonstorff,  Hans,  Water  gas,  its  treatment  and  properties;  translated  by  Oskar  Nagel,  Elec- 
trochemical and  Metal  Industry,  1009,  p.  19. 
i>  Norris.  Rollin,  Notes  on  capacities  of  water-gas  sets;  Am.  Oas  Light  Jour.,  vol.  85, 1906,  p.  46. 
elCcKee,  O.  W.,  Joor.  Soo.  Chem.  Ind.,  vol.  22, 1903,  p.  1325. 
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minutes  of  the  run.  By  reducing  the  steam  supply  one-half  after  the 
fourth  minute  a  considerable  saving  in  coke  was  effected  and  the 
CO,  in  the  gas  was  lowered. 

As  a  result  of  experiments  made  at  the  Laclede  plants  in  St.  Louis, 
D.  6.  Fisher^  recommends  that  the  steam  supply  be  reduced  or  cut 
off  at  the  end  of  the  fourth  minute. 

Although  the  investigation  described  in  the  preceding  pages  was 
undertaken  primarily  to  determine  the  conditions  governing  the 
formation  of  producer  gas,  the  results  have  an  important  bearing 
on  the  water-gas  process.  They  show  that  although  with  very  low 
rates  of  steam  supply  the  decomposition  of  the  steam  may  be  com- 
plete at  1,100^  C.y  with  higher  rates  of  steam  supply,  such  as  are 
desirable  in  practice,  a  much  higher  temperature,  1,300®  or  1,400°  C, 
is  required  to  obtain  complete  decomposition.  The  highest  efficiency 
will  be  obtained  by  raising  the  temperature  of  the  bed  during  the 
blast  as  high  as  is  possible  without  injury  to  the  producer.  As  the 
bed  cools  during  the  run  wi^h  steamr,  the  steam  supply  should  be 
gradually  reduced,  and  when  the  temperature  has  dropped  to  1,000® 
C.  the  steam  should  be  cut  off. 

PtTBLICATIONS  ON  FUEL  TBSTINa. 

The  following  publications,  except  those  to  which  a  price  is  affixed,' 
can  be  obtained  free  by  applying  to  the  Director  of  the  Bureau  of 
Mines,  Washington,  D.  C.  The  priced  publications  can  be  purchased 
from  the  Superintendent  of  Documents,  Government  Printing  Office, 
Washington,  D.  C. 

PUBLICATIONS  OF  THE  UNITED  STATES  GEOLOGICAL  SURVEY. 

Bulletin  261.  Preliminaxy  report  on  the  operations  of  the  coal-testing  plant  of  the 
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a  Fisher,  D.  G.,  water-gaa  practice;  Am.  Gas  Light  Jour.,  vol.  85, 1906,  pp.  139, 178. 


58  FACTORS  IN   THE  FORMATION  OF  PRODUCER  GAS. 

Bulletin  336.  Washing  and  coking  tests  of  coal  and  cupola  tests  of  coke,  by 
Richard  Moldenke,  A.  W.  Belden,  and  G.  R.  Delamater.    1908.    76  pp.    10  cents. 

Bulletin  339.  The  purchase  of  coal  under  government  and  commercial  specifi- 
cations on  the  basis  of  its  heating  value,  with  analyses  of  coal  delivered  under  govern- 
ment contracts,  by  D.  T.  Randall.    1908.    27  pp.    5  cents.    (See  Bull.  428.) 

Bulletin  343.    Binders  for  coal  briquets,  by  J.  E.  Mills.    1908.    56  pp. 

Bulletin  362.  Mine  sampling  and  chemical  analyses  of  coals  tested  at  tlie  United 
States  fuel-testing  plant,  Norfolk,  Va.,  in  1907,  by  J.  S.  Burrows.  1908.  23  pp. 
5  cents. 

Bulletin  363.  Comparative  tests  of  run-of-mine  and  briquetted  coal  on  locomo- 
tives, including  torpedo-boat  tests  and  some  foreign  specifications  for  briquetted  fuel, 
by  W.  F.  M.  Goss.    1908.    57  pp.,  4  pis. 

Bulletin  366.  Tests  of  coal  and  briquets  as  fuel  for  house-heating  boilers,  by  D.  T. 
Randall.    1908.    44  pp.,  3  pis. 

Bulletin  367.  Significance  of  drafts  in  steam-boiler  practice,  by  W.  T.  Ray  and 
Henry  Kreisinger.     1909.    61  pp. 

Bulletin  368.  Washing  and  coking  tests  of  coal  at  Denver,  Colo.,  by  A.  W.  Belden, 
G.  R.  Delamater,  and  J.  W.  Groves.    1909.    54  pp.,  2  pis. 

Bulletin  373.  The  smokeless  combustion  of  coal  in  boiler  plants,  by  D.  T.  Randall 
and  H.  W.  Weeks.    1909.    188  pp.    20  cents. 

Bulletin  378.  The  purchase  of  coal  under  government  specifications,  by  J.  S. 
Burrows.    1909.    44  pp.    10  cents.    (See  Bull.  428.) 

Bulletin  382.    The  effect  of  oxygen  in  coal,  by  David  White.    1909.    78  pp.,  3  pla. 

Bulletin  385.  Briquetting  tests  at  the  United  States  fuel-testing  plant,  Norfolk, 
Va.,  1907-8,  by  C.  L.  Wright.    1909.    41  pp.,  9  pis. 

Bulletin  392.  Commercial  deductions  from  comparisons  of  gasoline  and  alcohol 
tests  on  internal-combustion  engines,  by  R.  M.  Strong.    1909.    38  pp. 

Bulletin  393.  Incidental  problems  in  gas-producer  tests,  by  R.  H.  Femald,  CD. 
Smith,  J.  K.  Clement,  and  H.  A.  Grine.    1909.    29  pp. 

Bulletin  402.    The  utilization  of  fuel  in  locomotive  practice,  by  W.  F.  M.  Goas, 

1909.  28  pp. 

B  ULLETiN  403 .  Comparative  tests  of  run-of-mine  and  briquetted  coal  on  the  torpedo 
boat  Biddle,  by  Walter  T.  Ray  and  Henry  Kreisinger.    1909.    49  pp. 

Bulletin  412.  Tests  of  nm-of-mine  and  briquetted  coal  in  a  locomotive  boiler, 
by  Walter  T.  Ray  and  Henry  Kreisinger.    1909.    32  pp. 

Bulletin  416.  Recent  development  of  the  producer-gas  power  plant  in  the  United 
States,  by  R.  H.  Femald.    1909.    82  pp.,  2  pis. 

Bulletin  428.  The  purchase  of  coal  by  the  Government  under  specifications,  with 
analyses  of  coal  delivered  for  the  fiscal  year  1908-9,  by  G.  S.  Pope.    80  pp.    10  cente. 

PUBLICATIONS   OF  THE   BUREAU   OP   MINES. 

Bulletin  1.  The  volatile  matter  of  coal,  by  H.  C.  Porter  and  F.  K.  Ovitz.  1910. 
56  pp.,  1  pi. 

Bulletin  2.  North  Dakota  lignite  as  a  fuel  for  power-plant  boilers,  by  D.  T.  Ran- 
dall and  Henry  Kreisinger.    1910.    42  pp.,  1  pi. 

Bulletin  3.  The  coke  industry  of  the  United  States  as  related  to  the  foundry,  by 
Richard  Moldenke,  1910.    32  pp. 

Bulletin  4.  Features  of  producer-gas  power-plant  development  in  Europe,  by 
R.  H.  Femald.    1910.    27  pp.,  4  pis. 

Bulletin  5.  Coking  and  washing  tests  of  coal  at  Denver,  Colo.,  July  1,  1908,  to 
June  30,  1909,  by  A.  W.  Belden,  J.  W.  Groves,  K.  M.  Way,  and  G.  R.  Delamater. 

1910.  62  pp. 

Bulletin  6.  Coals  available  for  illuminating-gas  manufacture,  by  A.  H.  White 
and  Perry  Barker.    1911. 

o 


Bulletin  8 

DEPARTMENT  OF  THE  INTERIOR 
BUREAU     OF     MINES 

JOSEPH  A.  HOLMES,  DlucIOK 


V  THE  FLOW  OF  HEAT 

THROUGH   FURNACE  WALLS 


WALTER  T.  RAY  AND  HENRY  KREISINGER 


WASHINGTON 

GOVERNMENT    PRINTING    OFFICE 
1911 


CONTENTS. 


Introduction : 3 

Acknowledgments •- 4 

Equipment  and  methods 5 

Construction  of  furnace 5 

Position  of  thermocouples 6 

Construction  of  thermocouples 7 

Readings 7 

Discussion  of  temperature  curves ^ 8 

Equilibrium  of  furnace- wall  temperatures 9 

Temperature  drops  in  furnace  walls 10 

Resistance  of  fire  brick,  air  space,  asbestos,  and  common  brick 11 

Conclusions 19 

Discussion  of  physical  laws 20 

The  law  of  radiation 20 

The  law  of  heat  conduction 24 

Comparison  of  the  laws 27 

Application  of  the  laws 30 

Publications  on  fuel  testing 31 


ILLUSTRATIONS. 


Figure  1.  Elevation  and  plan  of  furnace 1 6 

2.  Vertical  sections  of  furnace;  through  stoker  and  through  long  com- 

bustion chamber 7 

3.  Construction  of  furnace  walls  and  position  of  thermocouples 8 

4.  Construction  of  furnace  roof  and  position  of  thermocouples 9 

6.  Temperatures  of  furnace  wall  and  roof  (thermocouple  sets  6  and  c) . .        11 

6.  Temperature  drops  through  furnace  wall  and  roof  (thermocouple 

sets  6  and  c) 12 

7.  Temperatures  of  furnace  wall  and  roof  (thermocouple  sets  d  and  e) 

and  gas  temperature  .  i 13 

8.  Temperature  drops  through  furnace  wall  and  roof  (thermocouple 

setedand<f) 14 

9.  Temperatures  of  furnace  wall  (thermocouple  set  a) 16 

10.  Temperature  drops  through  furnace  wall  ( thermocouple  set  a) 16 

11.  Temperature  drops  through  furnace  wall  and  roof  (thermocouple 

sets  a,  6,  c,  d,  and  e) 18 

12.  Radiation  of  heat  from  a  hot  spheroidal  surface  to  an  inclosing  cooler 

surface 22 

13.  Radiation  of  heat  from  infinite  hot  plane  surface  to  infinite  cooler 

plane  surface 22 

14.  Radiation  of  heat  from  hot  plane  surface  to  convex  surface 23 

16.  Radiation  of  heat  from  a  hot  surface  to  an  infinite  cooler  surfoce  at 

various  temperatures,  relations  expressed  in  the  metric  system  of 
units 24 

16.  Radiation  of  heat  from  a  hot  surface  to  an  infinite  cooler  surface  at 

various  temperatures,  relations  expressed  in  the  metric  system  of 
units 26 

17.  Radiation  of  heat  from  a  hot  surface  to  a  cooler  surface,  relations 

expressed  in  British  thermal  units,  degrees  Fahrenheit,  and  square 

feet 28 

18.  Radiation  of  heat  from  a  hot  surface  to  a  cooler  surface,  relations 

expressed  in  British  thermal  units,  degrees  Fahrenheit,  and  square 

feet 29 

19.  Comparison  of  laws  of  heat  radiation  and  heat  conduction 30 

2 


THE  FLOW  OF  HEAT  THROUGH  FURNACE  WALLS. 


•       

By  Walter  T.  Kay  and  Henby  Kbeisingeb. 


INTRODUCTION. 

This  bulletin  contains  a  statement  of  certain  results  that  will  be 
embodied  in  a  report  describing  investigations  of  the  combustion  of 
fuel  made  by  the  United  States  Geological  Survey  and  the  Bureau  of 
Mines  in  a  specially  constructed  long  furnace.  The  furnace  forms 
part  of  the  fuel-testing  plant  at  Pittsburg,  Pa.,  which  was  established 
and  equipped  by  the  Geological  Survey,  but  passed  under  the  control 
of  the  Bureau  of  Mines  on  July  1,  1910,  when  a  transfer  of  fuel-test- 
ing investigations,  authorized  by  act  of  Congress,  became  effective. 
The  work  discussed  in  this  bulletin  was  done  under  the  direction  of 
the  Geological  Survey. 

The  furnace  was  designed  and  built  for  an  experimental  study  of 
the  processes  of  combustion,  this  study  being  part  of  a  comprehen- 
sive plan  for  testing  fuels  to  determine  their  heat  value  and  the  man- 
ner in  which  they  can  be  used  to  best  advantage.  Although  the 
main  object  of  the  researches  made  with  the  furnace  by  the  Geological 
Survey  was  to  examine  critically  the  production  of  sensible  heat  by 
combustion  along  the  path  of  the  gases  rising  from  the  fuel,  an  inter- 
esting as  well  as  important  side  problem  developed  in  the  study  of 
the  simultaneous  dissipation  of  the  heat  through  the  walls  and  roof 
of  the  furnace.  Thus  incidental  data  were  collected  on  the  tempera- 
ture gradient  through  the  walls  at  several  places.  These  temperature 
data  (together  with  the  heat  conductivity  of  the  material  of  the  walls) 
formed  the  basis  for  calculating  the  heat  dissipated  through  the  walls. 

The  object  of  this  report  is  to  present  and  discuss  these  tempera- 
ture data.  The  discussion  particularly  concerns  the  air-space  type  of 
wall  construction  as  compared  with  the  solid  brick  wall  or  walls  type, 
in  which  the  air  space  is  filled  with  some  soUd  material  of  low  heat 
conductivity.  The  conclusion  of  the  authors,  which  perhaps  will  sur- 
prise some  readers,  is  that,  so  far  as  loss  of  heat  is  concerned,  a  solid 
wall  of  brick  or  any  ordinary  material  is  preferable  to  a  hollow  wall 
of  the  same  total  thickness,  especially  if  the  air  space  in  the  hollow 
wall  is  near  the  furnace  side. 

There  is  a  general  belief  that  since  air  is  a  poor  conductor  of  heat, 
air  spaces  buUt  into  the  walls  of  a  furnace  will  prevent  or  reduce  heat 
dissipation  through  the  walls.    Although  there  may  be  instances  of 
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furnace  walls  in  which  such  construction  reduces  the  rate  of  heat  flow 
through  them,  yet  as  a  rule  the  effect  of  the  air  space  is  just  the  oppo- 
site. While  the  heat  does  travel  very  slowly  through  the  air  by  con- 
duction, it  leaps  over  the  air  space  readily  by  radiation.  Although 
this  latter  mode  of  heat  propagation  is  common  in  nature,  the  laws 
governing  it  are  not  generally  known  and  are  seldom  taken  into  con- 
sideration  when  furnace  walk  are  being  designed. 

It  may  be  stated  here  that  the  quantity  of  heat  passing  through  a 
portion  of  a  solid  wall  by  conduction  depends  on  the  difference  between 
the  temperatures  of  the  two  planes  limiting  the  portion  of  the  wall. 
The  quantity  of  heat  that  passes  across  the  air  space  in  the  wall  de- 
pends on  the  difference  of  the  fourth  powers  of  the  absolute  tempera- 
tures of  the  surfaces  inclosing  the  air  space.  It  follows  that,  in  case 
the  heat  passes  by  conduction  through  the  solid  portion  of  the  wall, 
the  loss  remains  approximately  the  same  so  long  as  the  temperature 
of  the  two  limiting  planes  remains  constant,  no  matter  what  may 
be  the  temperature  of  the  two  planes.  On  the  other  hand,  the  heat 
passing  across  the  air  space  by  radiation  increases  rapidly  with  the 
temperatures  of  the  inclosing  surfaces,  although  the  difference  between 
these  temperatures  may  remain  constant.  This  feature  will  be  shown 
by  curves  in  the  latter  part  of  this  paper  and  thoroughly  discussed. 
The  important  point  is  that  the  air  space,  which  is  advantageous  in 
the  walls  of  a  refrigerator  because  the  temperatures  are  low,  is  objec- 
tionable in  a  furnace  wall  because  the  temperatures  are  high. 

It  is  customary  to  put  air  spaces  in  furnace  walls  between  the  fire- 
brick linings  and  the  common  brick.  Usually  the  fire-brick  lining  is 
only  half  a  brick  thick,  which  construction  brings  the  air  space  too 
close  to  the  furnace.  The  result  is  that  the  temperatures  of  the  sur- 
faces inclosing  the  air  spaces  are  too  high,  and  in  consequence  too 
much  heat  is  radiated  across  the  spaces.  The  heat  passing  through 
such  walls  would  be  much  reduced  if  the  air  spaces  were  fiUed  with 
brick,  or,  better,  with  some  cheap  nonconducting  materials,  such 
as  ash,  sand,  mineral  wool,  etc.  Even  where  the  fire-brick  lining  is 
one  brick  thick  (9  inches),  the  temperature  in  the  furnace  may  be 
high  enough  to  raise  the  temperatures  of  the  air-space  surfaces  so 
much  that  the  heat  radiated  across  the  space  will  amoimt  to  more  than 
would  the  heat  conducted  through  a  filling,  were  the  filling  only  com- 
mon brick.  This  last  statement  is  amply  justified  by  the  data  here 
presented. 
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BQX7IPMENT  AND  3CBTHODS. 
0ON8TRU0TION  OF  FURNACE. 

The  specially  constructed  furnace  is  about  43  feet  long  over  all. 
At  one  end  is  a  mechanical  stoker;  at  the  other  the  gases  from  the 
combustion  chamber  discharge  into  a  water-tube  boiler.  The  com- 
bustion chamber  is  a  tunnel  3  feet  wide,  3  feet  3  inches  high,  and 
about  35  feet  6  inches  long,  with  double  walls  and  arch.  roof.  The 
inner  walls  and  the  inner  arch  are  9  inches  thick  and  are  of  best 
quality  fire  brick.  The  outer  walls,  8  inches  thick,  are  of  common 
and  pressed  brick.  The  outer  arch,  4  inches  thick,  is  of  repressed 
brick.  In  the  sides  a  2-inch  air  space  separates  the  two  walb;  in  the 
roof  a  1-inch  layer  of  flake  asbestos  separates  the  two  arches.  Air 
leakage  through  the.  walls  and  roof  is  minimized  by  using  blowing 
and  exhaust  fans  to  keep  the  interior  of  the  chamber  as  nearly  as 
possible  at  atmospheric  pressure. 

posrrioN  OF  thermocouples. 

The  data  presented  in  this  bulletin  consist  of  three  sets  of  measure- 
ments of  temperatures  at  four  different  depths  in  a  side  wall  of  the 
furnace,  and  also  of  two  sets  of  measurements  in  the  roof.  The 
material  of  the  outer  wall  and  arch  is,  for  convenience,  designated 
common  brick  in  the  discussion  of  the  data. 

•Figure  1  presents  the  elevation  and  the  plan  of  the  special  fur- 
nace as  it  was  at  the  time  of  getting  the  data  given  in  this  report. 
Figure  2  gives  vertical  sections  of  the  furnace.  Figure  3  shows  the 
positions  of  the  thermocouples  in  the  side  wall  at  places  denoted  in 
figure  1  by  a,  6,  and  d.  Figure  4  gives  the  construction  of  the  arch  or 
roof  of  the  furnace  and  the  location  of  thermocouples  at  places  c  and 
e.  No  couples  were  inserted  in  the  roof  corresponding  to  location  a 
in  the  side  wall,  because  it  was  feared  that  the  lower  side  of  the  lining 
had  been  melted  away  considerably. 

The  thermocouples  were  placed  in  f-inch  holes,  which  were  drilled 
in  the  wall  and  the  roof  after  the  furnace  was  built.  The  holes  were 
intended  to  extend  within  1  inch  of  the  outer  and  inner  surfaces  of 
the  wall  and  the  roof,  as  indicated  in  figures  3  and  4.  The  depths 
of  the  holes  for  couples  1  and  3  could  be  measured  accurately,  and 
therefore  these  couples  were  put  at  known  depths,  as  represented  in  the 
figures.  The  distances  of  the  ends  of  the  holes  for  couples  2  and  4 
from  the  inner  surfaces  could  not  be  accurately  measured,  so  that 
the  distance  given  in  the  figures  are  only  approximate.  Each  couple 
was  placed  in  such  a  way  that  the  fused  junction  touched  the  bottom 
of  the  hole.  Near  the  outer  surface  of  the  wall  the  annular  spaces 
around  the  wires  of  the  couples  were  filled  with  asbestos  packing  as 
deeply  as  possible,  in' order  to  prevent  radiation  of  heat  from  the 


PLOW  OP   HEAT  THROtrOH  FURNACE  WALLS, 


EQtnPMENT  AND   METHODS,  7 

couplea  and  from  the  bottom  of  the  holes,  and  also  to  stop  the  cool- 
ing of  the  couples  by  any  current  of  cold  air  that  might  be  drawn 
around  the  couples  into  the  furnace.  This  precaution  was  more 
effective  with  thermocouples  1  and  2  than  with  thermocouples  3  and 
4,  because  the  packing  could  not  be  put  around  the  couples  in  the 
inner  fire-brick  wall.  Consequently,  the  indications  of  these  couples, 
and  particularly  of  thermocouple  4,  are  not  exact  and  should 
always  be  considered  as  approxi-  I 

mate. 


CONSTEUCnON    OF    THEBHO- 
COUPLES. 

The  thermocouples  were  made 
of  wires  about  1.5  mm.  (-^  inch) 
square,  and  were  obtained  from 
the  Hosldns  Manufacturing  Co.,  of 
Detroit,  Mich.  The  terminals  of 
the  thermocouples  were  soldered 
to  copperleads,the  joints  being  far 
enough  away  from  the  embedded 
junctions  to  insure 
their  being  approx- 
imately at  atmos- 
pheric tempera- 
ture. All  other 
connections  in  the 
leads  weresoldered. 
Each  couple  was  so 
connected  that  it 
could  be  thrown 
into  series  with  a 
galvanometer  by  a 
snap  switch.  Con- 
sequently it  was 
possible  to  get  the 
twenty  readings 
within  about  a 
minute.  The  couples  proved  durable  and  dependable  up  to  1,400''  C. 
(2,552°  F.)  and  were  not  much  changed  by  exposure  at  such  tem- 
perature to  furnace  gases  and  dust. 


Inasmuch  as  aU  readings  were  relative,  no  attempt  was  made  to 
get  the  temperatures  closer  than  2  or  3  degrees;  moreover,  any 
greater  accuracy  in  the  couples  and  instruments  would  have  been 
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useless,  because  the  bricks  containing  the  holes  might  have  been 
more  porous  than  others,  or  some  of  the  holes  might  have  opened 
into  cracks;  the  holes  could  not  well  be  inspected.  Therefore,  the 
worth  of  the  readings  lies  as  much  in  their  raies  of  change  as  in  their 
actual  values  at  any  time. 

The  sets  of  thermocouples  in  the  side  wall  are  designated  a,  h,  and 
d,  and  the  sets  in  the  roof  are  designated  c  and  e.  The  couples 
in  each  set  are  numbered  from  1  to  4.  The  reading  of  any  thermo- 
couple is  referred  to  by  the  letter  of  the  set,  with  the  number  of  the 
couple  as  subscript. 

The  temperature  readings  of  the  thermocouples  embedded  in  the 
wall  and  roof  were  taken  on  a  number  of  tests. 
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DISCUSSION  OF  TEMPEBATUBE  CT7BVES. 

The  readings  of  test  No.  16  are  platted  in  figures  5,  7,  and  9.  This 
test  is  a  fair  representative  of  other  tests  in  which  complete  sets  of 
wall  and  arch  readings  were  obtained  every  20  or  30  minutes  through 
the  entire  test  of  29  hours'  duration.  The  test  was  run  until  the 
wall  temperatures  reached  equihbrium,  that  is,  until  they  ceased 
to  increase.  The  readings  were  platted  on  time  as  abscissse,  so  that 
the  slopes  of  the  curves  show  the  rate  of  change. 

Figure  5  shows  the  temperature  readings  for  the  entire  test  of  the 
thermocouple  sets  placed  at  b  and  c.     (See  fig.  1.)    This  chart  shows 
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that,  excepting  perhaps  within  1  or  2  inches  from  the  inside  of  the 
furnace,  the  brickwork  is  nearly  cold  when  the  test  is  started,  and 
that  as  the  heat  flows  out  through  the  wall  from  the  inner  surface 
the  temperatures  of  the  portions  of  the  wall  farther  from  the  furnace 
rise  for  about  19  hours  of  the  test,  after  which  period  the  equiUbrium 
of  wall  temperature  is  reached.  Up  to  this  time  most  of  the  heat 
entering  the  wall  goes  to  raise  the  temperature  of  the  latter;  there- 
after all  the  heat  entering  the  wall  goes  through  it  and  is  lost  by 
radiation. 

EQUILIBRIUM   OP  rURN ACE- WALL  TEMPERATURES. 

In  the  following  discussion  the  nearly  true  assumption  is  made 
that  there  is  no  cooling  effect  due  to  leakage  currents  of  air  through 
the  brickwork  or  into,  out  of  or  along  the  air  space. 


INSIDE 

FIOXTBB  4.— CoDBtructloD  of  ftuiuoe  roof  and  position  of  thennooouples. 

During  the  equilibrium,  the  quantity  of  heat  passing  through  an 
inner  part  of  the  wall  is  exactly  equal  to  the  heat  going  through 
another  part  farther  out.  For  example,  the  quantity  of  heat  which 
is  conducted  through  the  inner  fire-brick  wall  is  exactly  equal  to  the 
heat  which  passes  across  the  air  space,  and  is  exactly  equal  to  the  heat 
which  is  conducted  through  the  outer  common  brick  wall,  and  also 
equal  to  the  heat  radiated  or  taken  in  any  other  way  from  the  out- 
side surface.  If  this  equality  of  heats  did  not  exist,  the  equilibrium 
would  be  impossible.  For  example,  let  it  be  assumed  that  more  heat 
passed  through  the  inner  than  through  the  outer  wall  and  over  the 
air  space;  then  the  heat  would  accumulate  near  the  surface  next  to 
the  air  space  and  the  temperatures  shown  by  thermocouples  3  would 
be  rising,  a  circumstance  opposed  to  equilibrium.    Again,  let  it  be 
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assumed  that  more  heat  passed  through  the  outer  w^U  than  through 
the  mner  one  and  through  the  air  space;  in  that  case  the  heat  in 
the  outer  wall  near  the  surface  next  to  the  air  ap^e  would  diminish 
and  the  temperatures  shown  by  thermocouples  2  would  drop,  an 
event  that  would  be  contrary  to  the  equilibrium  conditions.  The 
statement  that  during  equilibrium  of  the  wall  temperatures  in  any 
cross  section  of  the  wall  the  quantity  of  heat  passing  through  one 
part  of  the  section  is  exactly  equal  to  the  quantity  passing  through 
any  other  part  is  therefore  justified. 

TEMPERATUBE  DROPS  IN  FURNACE  WALLS. 

The  quantity  of  heat  flowing  by  conduction  from  one  plane  to 
another  through  any  portion  of  the  furnace  wall  depends  upon  the 
difference  of  temperature  between  these  two  planes  and  upon  the 
resistance  to  the  heat  flow.  With  the  same  temperature  difference,  if 
the  resistance  is  high,  a  small  quantity  of  heat  flows  through;  if  the 
resistance  is  low,  a  large  quantity  flows  through.  Or,  if  the  quantity  of 
heat  is  to  remain  constant  the  temperature  difference  must  be  large  if 
the  resistance  to  the  heat  flow  is  high,  and  small  if  the  resistance  is  low. 

So,  in  the  case  of  the  furnace  wall,  where  the  quantity  of  heat 
passing  between  any  two  planes  which  are  parallel  to  the  surfaces  of 
the  walls  is  the  same,  the  temperature  difference  between  any  two 
planes  indicates  the  resistance  which  the  material  or  space  between  the 
two  planes  offers  to  the  flow  of  heat.  For  example,  if  the  temperature 
difference  between  the  faces  of  the  fire-brick  wall  is  high,  it  may  be 
said  that  the  resistance  to  the  heat  flow  of  the  fire-brick  wall  is  high; 
or,  if  the  temperature  difference  between  the  two  surfaces  on  each 
side  of  the  air  space  is  low,  it  may  be  inferred  that  the  resistance  to 
the  heat  passage  across  the  air  space  is  low.  Thus  it  is  possible  to 
rely  on  the  temperature  difference  as  being  a  true  indicator  of  high  or 
low  resistance  to  heat  flow  between  any  two  planes  which  are  parallel 
to  the  surface  of  the  wall.  With  this  knowledge  the  reader  can  turn 
to  the  charts  and  study  the  resistances  of  the  fire  brick,  the  air  space, 
the  asbestos  layer,  and  the  common  brick,  and  the  relative  value  of 
these  materials  as  heat  insulators  in  the  construction  of  fumiice  walls. 

Figure  6  gives  the  temperature  drops  through  the  side  wall  as 
recorded  by  the  set  of  couples  placed  at  h,  and  through  the  roof  as 
recorded  by  the  set  of  couples  placed  at  c.  At  the  foot  of  the  figure 
is  shown  diagrammatically  the  thickness  of  the  side  wall,  and  at  the 
top  of  the  figure  is  shown  the  thickness  of  the  roof;  in  each  case  the 
measurements  of  thickness  are  used  as  absciss»  in  the  chart.  The 
temperatures  at  the*  various  points  are  platted  as  ordinates.  The 
figure  shows  three  temperature  gradients  or  drops  through  the  wall 
and  through  the  roof,  one  at  11  a.  m.,  April  12,  when  the  test  was 
started,  one  at  4  p.  m.  the  same  day,  and  one  at  2  p.  m.  the  next  day. 
The  first  two  gradients  give  the  relation  of  the  temperatures  before 
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the  equilibrium  is  reached,  and  are  interesting  only  when  compared 
with  one  another  to  show  how  the  temperatures  change  with  respect 
to  each  other  while  the  wails  are  being  heated.  The  last  gradient 
represents  the  equiUbrium  and  is  of  most  interest. 
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SB8I8TAKCB  TO  HEAT  FLOW  OF  FIRE  BBICK,  AIB  SPACE,  ASBESTOS,  AND  COMMON  BBICK. 

The  striking  feature  concerning  the  side-wall  thermocouples,  set  6, 
is  the  large  temperature  drop  through  the  &e-brick  wall,  the  very 
small  drop  through  the  air  space,  and,  again,  the  large  temperature 
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drop  through  the  common  brick  wall.    These  drops  plamlj  mdicate 
that  the  resistance  to  heat  passage  of  the  air  space  is  very  low  com- 
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pared  with  that  of  either  brick  wall,  only  about  one-fourth  aa 
much.    The  last  temperature  gradient  through  the  roof,  as  given  by 
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the  set  of  thermocouples  c,  ^hows  a  rather  low  temperature  drop 
through  the  fire  brick,  a  high  drop  through  the  l-inch  layer  of  asbestos, 
and  a  rather  small  drop  through  the  common  brick.    These  tempera- 
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ture  drops  indicate  that  the  resistance  to  heat  flow  of  the  1-inch 
asbestos  layer  is  higher  than  that  of  7  inches  of  fire  brick.  By  com- 
paring the  last  gradient  of  couples  b  with  that  of  couples  c,  it  is  easy 
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to  see  that  1  inch  of  asbestos  is  much  more  effective  as  a  heat  insulator 
under  the  existing  conditions  than  a  2-inch  air  space.    Although  the 
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total  thickness  of  the  roof  is  5  inches  less  than  that  of  the  side  wall,  a 
smaller  quantity  of  heat  per  square  foot  is  lost  through  it  thaa 
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through  the  side  wall.  The  relative  amounts  of  heat  passing  through 
the  two  constructions  can  he  figured  approximately  in  the  following 
maimer: 
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Inasmuch  as  the  fire  brick  in  the  roof  are  made  of  the  same  material 
as  the  fire  brick  of  the  side  wall,  the  conductivity  of  the  fire  brick 
in  both  places  may  be  taken  to  be  the  same;  and  as  the  thicknesses 
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are  the  same,  the  amounts  of  heat  flowing  through  both  per  square  foot 
per  unit  of  time  are  proportional  to  the  temperature  drops.  Thus 
the  temperature  drop  through  the  fire  brick  in  the  side  wall  is  from 
965°  C.  to  510°  C,  or  455°  C;  the  temperature  drop  through  the  simi- 
lar brick  in  the  roof  is  from  750°  C.  to  500°  C,  or  250°  C.  The  heat 
lost  through  the  side  wall  is  ||f  =  1.8  times  as  much  as  the  heat  lost 
through  the  roof. 

In  a  similar  manner  one  can  compute  the  relative  heat  losses  from 
the  temperature  drops  through  the  common  brick.  In  the  side  wall 
this  drop  through  6  inches  of  common  brick  is  from  440°  C.  to 
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Figure  10.— Temperaturo  drops  through  fomaoe  wall  (thermoooaple  set  a). 

130°  C,  or  310°  C;  and  in  the  roof  this  drop  through  2  inches  of  com- 
mon brick  is  from  115°  C.  to  65°  C,  or  50°  C,  which,  when  corrected 
to  the  equivalent  drop  for  6  inches  of  common  brick,  gives  150°  C. 
According  to  these  figures,  the  amount  of  heat  lost  through  the  side 
wall  is  f  J#  =  2  times  as  great  as  through  the  roof. 

Figure  7  gives  the  temperature  readings  for  the  entire  test  (No.  16) 
of  the  thermocouple  sets  located  at  d  and  e  (see  fig.  1),  and  also  the 
temperature  readings  inside  the  furnace  as  measured  by  a  Hoskins 
thermocouple  placed  in  the  center  of  the  furnace.     The  chart  shows 
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that  in  general  thie  temperature  inside  the  furnace  and  the  tempera- 
ture indicated  by  thermocouple  a4  rise  and  fall  together,  as  may  be 
expected;  the  temperature  of  the  wall  lagging  somewhat. 

Figure  8  gives  the  temperature  gradients  at  the  places  d  and  e  at 
exactly  the  same  time  as  those  given  in  figure  6.  The  indication  of 
these  gradients  confirms  that  of  the  gradients  of  figure  6,  which  is  that 
under  the  given  conditions  the  air  space  offers  decidedly  less  resistance 
to  the  heat  flow  than  either  brick  wall  and  much  less  than  the  1-inch 
layer  of  asbestos.  The  relative  heat  losses  through  the  two  construc- 
tions as  indicated  by  the  temperature  drops  of  figure  8  are  as  fellows: 

Through  the  fire-brick  portion  of  the  side  wall  the  temperature 
drop  is  from  880°  C.  to  475°  C,  or  405°  C;  through  the  similar  por- 
tion of  the  roof  the  temperature  drop  is  from  840°  C.  to  340°  C,  or 
500°  C.  According  to  these  temperature  drops,  the  amount  of  heat 
passing  through  the  side  wall  is  |f|  =  0.8  of  the  heat  passing  through 
the  roof.  This  small  ratio  is  undoubtedly  due  to  the  incorrect  tem- 
perature indication  of  thermocouple  3  in  set  e.  Upon  examining  the 
upper  half  of  figure  8,  it  is  apparent  that  couple  3  reads  too  low. 
Very  likely,  when  the  thermocouple  was  being  placed  some  of  the 
flake  asbestos  fell  into  the  hole,  partly  filling  it,  so  that  the  junction 
of  the  couple  did  not  come  into  contact  with  the  fire  brick  but  with 
the  asbestos,  which  insulated  it  from  the  brick.  There  might  also 
have  been  a  crack  in  the  brick,  where  the  hole  was  drilled,  through 
which  air  was  drawn  into  the  furnace  around  the  thermocouple,  thus 
cooling  it, ,  Or,  the  hole  xnight  have  been  drilled  into  mortar  between 
two  bricks,  which  mischance  would  also  tend  to  lower  the  tempera- 
ture of  the  thermocouple  in  question.  There  was  no  way  to  inspect 
the  bottom  of  the  hole  after  it  was  drilled  and  the  couple  placed  in  it. 
Whatever  the  cause,  it  is  quite  certain  that  the  temperature  indicated 
by  thermocouple  3  is  about  200°  C.  too  low. 

Even  with  this  too  low  temperature  of  couple  3,  the  drop  through 
the  asbestos  layer  is  much  greater  than  through  the  air  space  and 
greater  than  through  the  common  brick.  The  relative  quantities  of 
heat  flowing  through  the  roof  and  the  side  wall  as  figured  from  the 
temperature  drops  through  the  common  brick  are  about  as  follows: 

In  the  side  wall  the  temperature  drop  through  6  inches  of  common 

brick  is  from  390°  C.  to  140°  C,  or  250°  C;  in  the  roof  the  tempera^ 

ture  drop  through  2  inches  of  common  brick  is  from  130°  C.  to  100°  C, 

or  30°  C,  which,  when  corrected  to  the  equivalent  for  a  6-inch  wall, 

250 
is  90°  C;  the  heat  flowing  through  the  side  wall  is  ~qq~'=2*8  times  as 

much  as  the  heat  flowing  through  the  roof. 

It  should  be  borne  in  mind  that  the  temperature  indications  are 
only  approximate  and  therefore  the  relative  heat  losses  are  neces- 
sarily only   approximate.    However,   three  of  these  approximate 
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computations  indicate  that  the  heat  flowing  through  the  side  wall 
is  about  twice  as  much  as  that  flowing  through  the  roof ,  and  only  one 
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indicates  that  the  quantities  of  heat  are  about  equal;  besides,  it  is 
fairly  certain  that  the  data  for  this  one  computation  are  incorrect. 
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Figure  9  gives  the  temperature  readings  of  the  four  thermocouples 
located  at  a.  Figure  10  shows  the  temperature  gradients  as  indicated 
by  the  four  thermocouples  a.  The  time  of  the  temperature  readings 
used  to  draw  these  gradients  is  the  same  as  for  the  gradients  in  figures 
6  and  8.  The  same  striking  feature  is  shown  in  figure  10  as  in  the 
latter  two  figures;  that  is,  the  temperature  drop  across  the  air  space 
is  much  smaller  than  the  drop  through  either  brick  wall,  indicating 
that  the  resistance  of  the  air  space  to  the  heat  flow  is  lower  than  that 
of  solid  brick.  The  figure  does  not  contain  corresponding  tempera- 
ture gradients  for  the  roof,  as  the  temperatures  were  not  recorded. 

In  figure  11  are  ^ven  the  temperature  gradients  of  all  five  sets  of 
thermocouples  for  test  No.  17.  All  the  temperature  readings  were 
taken  within  a  minute,  so  that  the  readings  may  be  considered  as 
simultaneous.  Each  gradient  is  labeled  with  a  letter  referring  to  the 
particular  set  of  thermocouples  with  which  temperatures  were  read. 
The  indication  of  these  gradients  confirms  that  of  the  gradients  ob- 
tained from  test  No.  16,  which  is  that  the  resistance  of  an  air  space 
to  heat  flow  is  lower  than  that  of  either  common  or  fire  brick  and 
much  less  than  that  of  asbestos.  The  average  temperature  drop 
through  the  fire-brick  portion  of  the  roof  is  about  350®  C,  and  that 
through  the  side  wall  about  450*^  C.  According  to  these  tempera- 
tiure  drops,  the  amount  of  heat  flowing  through  the  side  wall  is 

450 

^;^  =  1.3  times  that  passing  through  the  roof. 

Attention  is  again  called  to  the  fact  that  the  reading  of  thermo- 
couple 6j  is  incorrect,  and,  Jor  reasons  previously  given,  very  likely 
too  low.  Nevertheless,  the  readings  as  given  are  greatly  in  favor  of 
the  solid  insulating  material  and  against  the  air  space. 

CONCLUSIONS. 

The  results  of  the  investigation  as  outlined  in  this  bulletin  justify 
the  following  conclusions: 

In  furnace  construction  a  solid  wall  is  a  better  heat  insulator 
than  a  wall  of  the  same  total  thickness  containing  an  air  space. 
This  statement  is  particularly  true  if  the  air  space  is  close  to  the 
furnace  side  of  the  wall,  and  if  the  furnace  is  operated  at  high  tem- 
peratures. If  it  is  desirable  in  furnace  construction  to  build  the 
walls  in  two  parts,  so  as  to  prevent  cracks  being  formed  by  the 
expansion  of  the  brickwork  on  the  furnace  side  of  the  walls,  it  is 
preferable  to  fill  the  space  between  the  two  walls  with  some  '* solid" 
(not  firm,  but  loose)  insulating  material.  Any  such  easily  obtainable 
materials  as  ash,  crushed  brick,  or  sand  offer  higher  resistance  to 
heat  flow  through  the  walls  than  an  air  space.  Furthermore,  any 
such  loose  material  by  its  plasticity  reduces  air  leakage,  which  is  an 
important  feature  deserving  consideration. 
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DISCUSSION  OF  PHYBICAIi  LAWS. 
THE  LAW  OF  RADIATION. 

The  object  of  the  following  paragraphs  is  to  explain,  by  the  appli- 
cation of  well-demonstrated  physical  laws,  why  the  results  pre- 
sented in  the  foregoing  pages  came  out  as  they  did. 

It  has  been  stated  that  although  air  is  a  poor  conductor  of  heat, 
air  spaces  in  furnace  walls  are  not  desirable,  because  the  heat  leaps 
across  the  space  by  radiation.  This  latter  mode  of  heat  travel  is 
very  common  in  nature;  for  instance,  the  source  of  practically  all  the 
energy  on  the  earth,  developed  and  undeveloped — the  heat  which  the 
earth  gets  from  the  sun — comes  to  it  by  radiation.  Notwithstand- 
ing the  commonness  of  this  phenomenon,  the  true  laws  of  radiation 
remained  unknown  to  science  until  two  or  three  decades  ago,  and 
even  at  present  they  are  becoming  recognizied  only  slowly  by  the 
engineering  profession.  . 

In  the  past,  when  radiation  was  considered  in  any  engineering 
problem,  the  first-power  law  was  usually  used  in  calculation.  This 
faulty  law,  which  was  proposed  by  Isaac  Newton,  stated  that  the 
heat  radiated  from  a  hot  body  to  a  cold  surrounding  body  was  pro- 
portional to  the  difference  of  their  temperatures.  About  thirty 
years  ago  Stefan  found,  however,  that  at  high  temperatures  Newton's 
law  was  wrong,  and  that  the  radiation  was  very  nearly  proportional 
to  the  difference  of  the  fourth  powers  of  the  absolute  temperatures 
of  the  two  bodies.  Some  years  later  Boltzmann  demonstrated 
mathematically  that  from  the  principles  of  thermodynamics  the 
fourth-power  law  should  hold  exactly  for  an  ideal  black  body.  There 
are,  however,  no  substances  in  nature  which  behave  exactly  like  the 
black  body.  The  sooted  surface  comes  very  close  to  it  (within 
2  to  5  per  cent,  depending  on  the  kind  of  soot)  and  can  be  taken  for 
all  practical  purposes  as  a  standard.  The  fourth-power  law,  which 
is  known  as  the  Stefan-Boltzmann  radiation  law,  is  expressed  by  the 
following  equation: 

(1)  H  =  C(T,*-T,*) 

where  H==  the  net  heat  exchanged  between  the  hot  and  cold  surface 

per  unit  of  the  hot  surface  per  unit  of  time. 
T|«the  absolute  temperature  of  the  hotter  surface. 
Tj^the  absolute  temperature  of  the  colder  surface,  which 

surrounds  the  hot  surface. 
C  =  a  constant  depending  on  the  units  of  area  and  time,  on  the 

unit  in  which  the  heat  is  measured,  and  on  the  scale  in 

which  the  temperatures  are  expressed. 

If  H  is  expressed  in  small  calories  per  square  centimeter  of  the  hot 
surface  per  minute  and  T^  and  T,  are  expressed  in  degrees  centigrade 
on  the  absolute  scale,  then 

^^^  C  =  7.65  X 10-"  =  100,000,000,000 
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If  H  is  expressed  in  B.  t.  u.  per  square  foot  of  the  hot  surface  per 
minute  and  T^  and-T,  are  expressed  in  degrees  Fahrenheit  on  the 
absolute  scale,  then 

(II)  C=2.66XlO-»  =  ^^^^3^^^ 

The  above  constants  are  good  only  for  sooted  surfaces  when  the 
hotter  surface  is  entirely  surrounded  by  the  cooler  surface,  the  con- 
dition being  that  the  hot  surface  must  not  ''see''  anything  but  the 
cold  surface.  This  condition  can  be  satisfied  by  either  of  the  two 
cases  shown  in  figures  12  and  13. 

In  figure  12  the  hot  surface  is  the  outer  surface  of  a  spheroidal  body 
that  is  inclosed  within  a  larger  spheroid,  the  inside  of  which  forms  the 
cold  surface.  Any  square  centimeter,  A,  of  the  hot  surface  can  not 
"see"  anything  but  the  cold  surface. 

On  this  spheroidal  body  two  areas.  A,  are  indicated,  with  the 
intention  of  illustrating  the  fact  that  the  radiating  surface  may  be 
either  plane  or  convex  without  changing  the  amount  of  heat  radiated, 
but  can  not  be  concave,  for  then  some  portions  of  surface  A  would 
"see"  other  hot  surface  of  its  own  hot  body  as  well  as  the  cold  surface. 

In  figure  13  the  hot  surface  is  a  plane;  the  cold  surface  is  also  a 
plane  parallel  to  the  first  one  and  infinitely  large,  so  that  any  square 
centimeter.  A,  of  the  hot  surface.  A,  can  not  "see"  anything  but  the 
cold  surface;  that  is,  the  angle  of  "vision"  approaches  the  spherical 
angle  of  180"*. 

In  figure  14  the  above  conditions  are  not  satisfied,  because  any 
square  centimeter,  A,  of  the  hot  surface  can  "see"  something  else 
besides  the  cold  surface;  that  is,  the  angle  of  "vision"  is  less  than 
a  spherical  angle  of  180^,  so  that  the  cold  surface  does  not  receive 
all  the  heat  radiated  by  any  portion  of  the  hot  surface. 

Heat  passing  from  portion  A  through  angles  a  and  c  misses  the 
cold  surface  entirely.  Therefore,  in  such  instances  as  are  pictured  by 
figure  14  the  values  for  C  must  be  calculated  for  each  solid  angle  of 
"vision"  to  each  respective  cold  surface's  temperature  and  coeflGi- 
cient  of  radiation. 

Several  curves  (figs.  15-18)  have  been  platted  to  show  graphi- 
cally the  significance  of  the  Stefan-Boltzmann  law. 

The  law  of  radiation  and  the  conditions  as  presented  in  the  pre- 
ceding paragraphs  apply  to  sooted  surfaces  only.  For  surfaces  not 
sooted  this  law  must  be  somewhat  modified.  For  instance,  a  brick 
surface  does  not  radiate  so  much  heat  as  a  sooted  surface  of  the 
same  temperature,  nor  does  it  absorb  so  much  of  the  heat  which 
reaches  it  by  radiation.  In  consequence,  the  net  heat  exchanged 
between  two  brick  surfaces  is  less  than  that  exchanged  between  two 
sooted  surfaces  at  the  same  temperatures.  The  ratio  of  the  two 
quantities  of  the  net  heat  exchanged  is  here  called  the  "coefficient 
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of  net  heat  exchange.''  The  latter  increases  with  the  absolute 
temperature  of  the  surfaces.  For  the  brick  surfaces  this  coefficient 
at  700®  C,  absolute,  is  perhaps  0.5;  that  is,  two  brick  surfaces  will 
exchange  only  about  0.5  of  the  net  amount  of  heat  exchanged 
between  two  sooted  surfaces  which  are  at  the  same  respective  tem- 
peratures as  the  brick  surfaces. 

The  conditions  existing  between  the  two  surfaces  of  an  air  space  in 
a  furnace  wall  are  very  nearly  like  those  shown  in  figure  13.     The 

two  surfaces  of  the  air  space  are  ex- 
posed to  nothing  excepting  to  one 
another. 

By  multiplying  the  values  of  the 
constant  C  as  given  on  page  20  by 
this  coefficient  for  brick,  formula  (I) 
can  be  applied  directly  to  compute 
the  heat  radiated  across  an  air  space, 
or  the  same  results  can  be  obtained 
if  the  values  of  H  figured  for  sooted 
surfaces  are  multiplied  by  0.5. 

Figuring  the  net  heat  radiated  be- 
tween any  two  surfaces  by  formula 
(I)  is  rather  cumbersome;  therefore 
figures  15  to  18,  inclusive,  have  been 
worked  out  to  give  the  net  heat  radi- 
ated from  one  sooted  surface  to  another,  and  satisfy  in  all 
instances  the  conditions  that  are  shown  by  figures  12  and  13.  To 
obtain  the  net  radiation  between  any  other  substances  the  values  of 
H  obtained  from  the  charts  are  multiplied  by  the  proper  coefficients 
of  net  heat  exchange,  which  in  all  cases  are  less  than  1.00.  Fig- 
ures 15  and  16  are  worked  out  in  metric  and  figures  17  and  18 
in  English  units.  Figure  15  is  a  part  of  figure  16  on  a  lai^er 
scale,  the  range  of  the  former  being  limited  to  the  portion  of  the 

Cold  surface  at  Tz        


FiQUBE  12.— Radiation  of  heat  from  hot 
spheroidal  surface  to  iQcloeing  cooler  surface. 


Hot  surface  atTi 


FiQUBE  13.— Radlatioj]  of  heat  from  tnflnite  hot  plane  surface  to  infinite  cooler 

plane  surface. 

latter  below  the  heavy  broken  line.  In  like  manner  figure  17  is 
a  part  of  figure  IS  on  a  larger  scale,  the  part  below  the  500^  F.  line. 
To  illustrate  the  use  of  the  charts,  let  it  be  required  to  find  the 
radiation  from  a  sooted  surface  at  700^  C.  absolute  (427*^  C.  on  the 
ordinary  scale)  to  a  sooted  surface  at  550°  C.  absolute  (277°  C. 
ordinary  scale).  Turn  to  figure  15.  At  the  foot  of  the  chart  is  the 
absolute  temperature  of  the  cooler  surface  in  degrees  centigrade. 
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Take  the  vertical  line  starting  from  a  temperature  point  of  550^  C. 
and  follow  it  to  the  curve  labeled  700°  C.  This  is  the  temperature  of 
the  hotter  surface.  From  the  intersection  of  the  vertical  line  with 
the  curve  draw  a  horizontal  line  to  the  scale  on  the  left  hand;  which 
scale  indicates  that  in  the  assumed  case  the  radiation  is  11  small 
calories  per  minute  per  square  centimeter  of  the  hot  surface.  If 
the  radiation  for  brick  surfaces  not  sooted  is  wanted,  multiply  11 
by  0.5y  say;  the  result  is  5.5  calories,  which  is  the  approximate  net 
radiation  from  1  square  centimeter  pf  the  hotter  brick  surface  when 
its  absolute  temperature  is  700°  C.  and  that  of  the  cooler  surface  is 
550°  C. 

Again,  suppose  that  it  is  desired  to  know  the  radiation  from  a  sooted 
surface  at  1,600°  C.  to  a  sooted  surface  at  1,200°  C.  At  the  foot 
of  figure  16  take  the  vertical  line 
starting  from  1,200°  C,  follow  it . 
until  the  curve  of  1,600°  C.  is 
reached,  and  then  follow  the  hori- 
zontal line  passing  through  the  in- 
tersection point  to  the  scale  on  the 
left;  the  scale  indicates  that  in 
the  given  case  the  net  radiation  is 
340  calories  per  square  centimeter 
of  the  hotter  surface.  If  the  radi- 
ation from  a  brick  surface  under  nouas  14.-Radlatlon  of  heat  from  Infinite  hot 
,nM  .  1  • .  •  •  X     1  plane  surface  to  convex  surface. 

the  loregomg  conditions  is  wanted, 

multiply  340  by  0.5,  and  the  result  is  170  calories  for  brick  not  sooted. 
To  take  a  more  specific  example,  use  figures  17  and  18  in  figuring 
the  rate  of  heat  radiation  across  the  air  space  in  the  side  wall  of  the 
long-combustion  chamber  for  test  No.  16,  For  the  temperatures  of 
the  surfaces,  take  the  average  temperatures  of  the  highest  gradients 
of  figures  6,  8,  and  10;  that  is,  those  gradients  which  represent  equi- 
librium of  temperature.**  From  the  three  figures  it  is  found  that  the 
average  tejnperature  indicated  by  the  three  thermocouples  embedded 
near  the  hotter  surface  of  the  air  space  is  514°  C,  ordinary  scale,  or 
1,418°  F.  on  the  absolute  scale,  and  the  average  of  the  indications 
of  the  three  couples  embedded  near  the  colder  surface  is  about  408°  C, 
ordinary  scale,  or  1,227°  F.,  absolute  scale.    We  have  then: 

Ti= 1,418°  F. 
and  T,=1,227°F. 

a  It  should  be  remembered,  however,  that  in  the  experiments  discussed  the  Junctions  of  the  thermo- 
oonples  were  embedded  In  the  brick  about  1  inch  from  the  surface,  and  therefore  the  assumed  tempera- 
tures are  farther  apart  than  the  actual  tempa«tures  were. 

Necessarily,  higher  values  of  the  net  heat  exchanged  or  radiated  will  result  when  these  assumed  tem- 
peratures are  used  in  computation.  The  exact  location  of  the  Junctions  of  the  thermocouples  oould  not  be 
determined,  and  therefore  no  accurate  and  reliable  oomction  of  the  surface  temperatures  can  be  made. 
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The  net  radiation  corresponding  to  these  temperatures  can  be  found 
approximately  from  figure  17  in  the  following  manner: 

On  the  scale  at  the  foot  of  the  chart  locate  the  temperature  of 
1,227'^  F.,  absolute,  the  temperature  of  the  colder  suiface.  This 
temperature  wilt  be  found  between  the  points  of  1,200°  and  1,300^ 
F.  After  locating  this  point,  follow  an  imaginary  vertical  line  rising 
from  it  and  cutting  the  curve  of  1,418"  F.  This  curve,  though  not  on 
the  chart,  can  be  imag- 
ined in  its  proper  place 
between  the  curves  of 
1,400"  and  l.SOO"  F. 
From  the  intersection  of 
the  two  imagined  lines, 
draw  a  horizontal  hno  to 
the  scale  on  the  left, 
which  gives  the  heat  in 
British  thermal  units 
radiated  per  minute  per 
square  foot  of  the  hot- 
tersurface.  In  the  case 
under  consideration,  the 
radiated  heat  is  found 
to  be  44  B.  t.  u.  for 
sooted  surfaces.  The 
radiation  for  brick  sur- 
faces is  obtained  by  mul- 
tiplying 44  by  the  coef- 
ficient of  beat  exchange 
for  brick,  which  is  taken 
as  0.5.  The  radiation 
for  the  brick  is  then 
44X0.5-22B.  t.  u. 

Now,  the  wall  is  40 
feet  long  and  4  feet 
high,  which  makes  the 
total  radiating  surface 
40X4-160  square  feet,  and  the  total  radiation  through  the  space  in 
one  side  wall  is  160x22-3,520  B.  t.  u. 

THE    LAW   OF   HEAT   CONBUOTION. 

The  law  governing  the  travel  of  heat  by  conduction  is  simpler 
than  the  law  of  heat  travel  by  radiation  and  is  well  known  and  much 
used  by  engineers. 

The  amount  of  heat  conducted  through  a  unit  of  area  from  one 
part  of  a  body  to  another  ia  proportional  to  the  temperature  dif- 
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ference  of  the  two  parts,  proportional  to  the  conductivity  of  the 
body,  and  also  inversely  proportional  to  the  distance  between  the 
two  parts  of  the  body.  This  law  is  expressed  by  the  following 
equation: 

(2)  H-J(T,-T,) 

Where  H  =  the  quantity  of  heat  conducted  per  unit  of  area  per  unit  of 

time. 
c=the   conductivity  of  the   material,  which  varies  some- 
what with  the  temperature. 
d'^the  distance  between  the  two  parts  of  the  body. 
Ti « the  temperature  of  the  hotter  part. 
Tj=the  temperature  of  the  colder  part. 
The  experiments  made  by  J.  K.  Clement  and  W.  L.  Egy**  at  the 
University  of  Illinois  engineering  experiment  station  show  the  con- 
ductivity of  fire  brick  at  700®  C.  to  be  about  0.0024  in  the  metric 
units,  which  is  equivalent  to  0.1158  B.  t.  u.  per  square  foot  per 
minute  per  1®  F.  difference  of  temperature  when  the  distance  between 
the  two  heat-exchanging  planes  is  1  inch. 

This  conductivity  being  known  formula  (2)  can  be  used  to  figure 
out  the  quantity  of  heat  passing  by  conduction  through  the  fire  brick 
portion  of  the  side  wall  for  the  test  No.  16,  and  this  quantity  of  heat 
can  be  compared  with  that  radiated  across  the  space,  as  computed  on 
page  24.  For  T^  take  the  average  of  the  three  temperatures  1  inch 
(about)  from  the  furnace  as  given  by  the  highest  three  gradients  of 
figures  6,  8,  and  10,  and  for  T,  take  .the  average  of  the  corresponding 
three  temperatures  1  inch  from  the  air  space  of  the  fire-brick  side. 
The  values  are: 

Tj « 962°  C.  =  1,763®  F., 
Ta=516®C.=    960®  F., 
and  d»  7  inches. 

Substituting  the  above  values  in  equation  (2)  gives 

„    0.1158  X   (1763-960)     ,««tj   . 

H  = ^— «=  13.3  B.  t.  u.  per  square 

foot  of  the  wall. 

For  one  whole  side  it  will  be 

13.3  X  40  X  4  =  2,128B.  t.  u. 

The  heat  radiated  across  the  air  space  was  calculated  to  be  3,520 
B.  t.  u. 

Hence,  the  temperatures  used  in  both  calculations  being  regarded 
as  in  equilibrium,  the  two  heats  should  be  equal  if  the  temperatures 
were  correct.     However,  it  is  known,  and  has  already  been  stated,  that 

a  University  of  II  Inois  Dull.  No.  86. 
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the  temperatures  of  the  radiating  surfaces  of  the  air  space  as  used  in 
the  calculation  were  only  approximate,  and  that  they  wore  farther 
apart  than  the  temperatures  of  the  suTfaces  actually  were.  This  is 
the  reason  why  the  result  of  the  computation  of  heat  radiated  across 
the  space  is  too  high.  If  allowance  is  made  for  this  inaccuracy  of  data 
and  for  the  fact  that  the  coefUcient  of  net  heat  exchange  could  only 
be  approximated  from  the  meager  experimental  data  that  is  at  pres- 
ent available  on  this  subject,  the  agreement  between  the  amount  of 


heat  radiated  across  the  air  space  and  that  conducted  through  the  fire- 
brick wall  is  better  than  might  be  expected.  The  agreement  further 
shows  that  the  losses  of  heat  .by  radiation  could  be  figured  out  in  «n 
entirely  rational  way  if  more  were  known  about  the  radiating  prop- 
erties of  fire  brick  and  similar  material. 

It  may  be  stated  here  that  in  the  specific  case  of  the  two  given 
methods  of  calculating  the  amount  of  heat  passing  through  the  ude 
wall,  the  method  of  calculation  by  the  law  of  conduction  is  the  more 
accurate  and  the  more  reliable  one,  because  the  data  for  it  are  more 
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accurate,  and  any  errors  in  temperature  are  not  raised  to  the  fourth 
power,  as  they  are  in  calculating  by  the  law  of  radiation. 

It  will  be  interesting  to  figure  out  the  total  heat  lost  through  the 
walls,  roof,  and  bottom  of  the  furnace  by  the  methods  of  conduction. 
From  previous  calculation  the  loss  through  both  side  walls  for  test 

No.  16  was 

2,128  X  2  =  4,256B.  t.  u. 

The  average  temperature  drop  through  the  fire-brick  portion  of  the 
roof  when  the  temperatures  were  in  equilibrium  was  from  787°  to 
420°  C,  or  from  1,449°  to  788°  F. 

Substituting  these  values  in  equation  (2)  gives: 

„      0.1158X  (1,449-788)     ,^^^^^  ^    .    t  .x.         ^ 

H= 7 =  10.95  B.  t.  u.  per  square  root  of  the  roof. 

Now,  the  roof  was  40  feet  long  and  the  fire-brick  portion  about  4 
feet  wide,  which  makes  the  total  area 

40  X  4  =  1 60  square  feet 

and  the  total  heat  lost  through  the  roof 

160  X  10.95  =  1,752  B.  t.  u.  per  minute. 

On  the  assumption  that  the  heat  lost  through  the  bottom  of  the 
furnace  is  about  equal  to  that  lost  through  the  roof,  the  total  heat 
lost  from  the  furnace  by  dissipation  through  the  walls,  roof,  and 
bottom  is 

2  X2,128 +  1,752 +  1,752  =  7,760  B.  t.  u.  per  minute. 

The  rate  of  combustion  was  about  900  pounds  of  coal  per  hour  or 

16  pounds  per  minute.  If  each  pound  of  coal  developed  12,000 
B.  t.  u.,  the  total  quantity  of  heat  passing  through  the  lurnace  per 

minute  was 

12,000  X 15  =  180,000  B.  t.  u. 

Of  this  heat  Titr^^ir  =  4.3  per  cent  is  lost  in  dissipation  through  the 
walls,  roof,  and  bottom  of  the  furnace.  Probably  1.5  to  2  per  cent 
of  the  total  loss  or  nearly  half  the  proportional  loss  could  be  avoided 
by  proper  selection  of  material  and  proper  fumace-wall  construction. 

COMPARISON  OF  THE   LAWS. 

So  far  the  law  of  radiation  and  the  law  of  conduction  have  been 
discussed  and  illustrated  separately.  It  remains  to  compare  or 
contrast  these  laws  so  as  to  bring  out  more  prominently  the  influence 
of  the  fourth  power  in  the  radiation  law.  Figure  19  has  been  devised 
to  show  such  contrast.  The  upper  curve  shows  how  the  amount  of 
heat  radiated  from  one  sooted  surface  to  another  at  a  constant 
temperature  difference  of  100®  C.  or  180°  F.  increases  as  their  tem- 
peratures rise.    The  scale  at  the  foot  of  the  chart  gives  the  absolute 
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temperature  of  the  hotter  surface  in  degrees  centigrade,  the  scale 
at  the  top  gives  the  same  in  degrees  Fahrenheit,  the  scale  at  the 
left  gives  the  net  heat  exchanged  between  the  two  surfaces  in  metric 
units,  while  the  scale  on  the  right  gives  the  same  in  English  units. 

Let    it  be    assumed 
gj  that  the  hotter  sooted 

SM  surface  is  at  500°  C,  ab- 

sh  solute,  and  the  colder  at 

?|  400°  C,  absolute;   the 

net  heat  exchanged  be- 
tween the  surfaces  can 
be  found  by  following 
the  vertical  line  of  500° 
C.  until  itcuts  the  curve, 
and  then  from  this  in- 
tersection following  the 
horizontal  tine  to  the 
left  or  the  right  scale, 
according  to  whether 
the  net  heat  is  desired  in 
metric  or  English  units. 
The  assumed  condition 
E|^  gives  about  three  calo- 

I  d  ries.    When  the  temper- 

gg  ature  of  the  hotter  sur- 

g  face  is  doubled,  the  dif- 

P_  erence  between  the  two 

S^  surfaces  remaining  100° 

II  C.  or  ISO"  F.,  the  heat 
[j^  exchanged  increases  to 

III  26  calories,  or  nearly 
gg  nine  times  as  much  as 
Sg  in  the  first  case. 

The  lower  curve  shows 
the  approximately  sim- 
ilar relation  between 
two  surfaces  not  sooted. 
The  conditions  for  both 
curves  must  be  those  of 
figures  12  and  13. 
The  upper  horizontal  line  at  the  foot  of  the  figure  shows  the  rela- 
tion of  the  heat  transmitted  by  conduction  through  a  2-inch  brick 
wall  and  the  temperatures  of  the  two  surfaces  of  the  brick  wall  when 
the  difierence  of  the  temperatures  remuns  constantly  equal  to  100°  C. 
or  180°  F.    The  curve  shows  that  the  heat  transmitted  throu^  the 
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brick  remuna  constant  no  matter  what  the  temperatures  of  the  sur- 
faces are,  so  long  as  the  temperature  difference  remains  equal  to 
100' C. 

The  lower  horizontal  straight  line  shows  the  same  relation  for  a 
brick  wall  4  inches-  thick.    The  heat  passing  through  the  4-inch 
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wall  is  one-half  of  that  passing  through  the  2-inch  wall,  which,  ot 
course,  might  be  expected.  The  chart  shows  that  the  curves  ot 
radiation  start  below  the  lines  of  conduction,  but  as  the  temperatures 
increase  both  of  the  radiation  curres  cross  the  lines  of  conduction 
and  beyond  that  rise  very  rapidly. 
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The  chart  further  shows  that  an  air  space  is  more  advantageous 
than  a  2-inch  brick  wall  if  the  temperature  of  the  hotter  surface  la 
below  625°  C,  absolute,  or  565°  F.,  ordinary  scale,  but  above  that 
tempsraturo  the  brick  wall  is  better.  With  a  4-iDch  wall  the  limit- 
ing temperature  drops  down  to  500°  C,  absolute,  or  440°  F.,  ordinary 

ABSOLTTTS  TRMFERATCRB  OF  HOTTER  8intrACE,*F. 


scale.  If  asbestos,  ash,  or  other  better  insulating  materials  were 
used  in  place  of  the  brick,  this  limiting  or  dividing  temperature 
would  fall  still  lower.  These  statements  hold  particularly  for  the 
condition  of  100°  C.  temperature  difference.  There  is  one  lesson 
which  the  chart  brings  out  rather  emphatically  and  that  is,  when 
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heat  at  low  temperature  is  to  be  insulated,  use  air  space;  when  the 
heat  is  at  high  temperature,  as  is  the  case  in  furnaces,  use  solids 
of  poor  heat  conductivity.  That  the  space  is  less  effective  at  high 
temperatures  than  at  low  ones  is  known  to  the  makers  of  ''thermos" 
bottles,  who  advertise  that  such  bottles  keep  liquids  cold  72  hours 
and  keep  liquids  hot  24  hours. 
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The  following  pubhcations,  except  those  to  which  a  price  is  affixed, 
can  be  obtained  free  by  applying  to  the  Direct(»r  of  the  Bureau  of 
Mines,  Washington,  D.  C.  The  priced  pubhcations  can  be  purchased 
from  the  Superintendent  of  Documents,  Government  Printing  Office, 
Washington,  D.  C: 
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Professional  Paper  48.  Report  on  the  operations  of  the  coal-testing  plant  of 
the  United  States  Geological  Survey  at  the  Louisiana  Purchase  Exposition,  St.  Louis, 
Mo.,  1904;  E.  W.'  Parker,  J.  A.  Holmes,  M.  R.  Campbell,  committee  in  charge.  1906. 
In  three  parts.    1492  pp.,  13  pis.    $1.50. 

Bulletin  290.  Preliminary  report  on  the  operations  of  the  fuel-testing  plant  of 
the  United  States  Geological  Survey  at  St.  Louis,  Mo.,  1905,  by  J.  A.  Holmes.  1906. 
240  pp.    20  cents. 

Bulletin  323.  Experimental  work  conducted  in  the  chemical  laboratory  of 
the  United  States  fuel-testing  plant  at  St.  Louis,  Mo.,  January  1,  1905,  to  July  31, 

1906,  by  N.  W.  Lord.    1907.    49  pp.    10  cents. 

Bulletin  325.  A  study  of  four  hundred  steaming  tests  made  at  the  fuel-testing 
plant,  St.  Louis,  Mo.,  1904,  1905,  and  1906,  by  L.  P.  Breckenridge.  1907.  196  pp. 
20  cents. 

Bulletin  332.  Report  of  the  United  States  fuel-testing  plant  at  St.  Louis,  Mo., 
January  1, 1906,  to  June  30, 1907;  J.  A.  Holmes,  in  charge.    1908.    299  pp.    25  cents. 

Bulletin  334.  The  burning  of  coal  without  smoke  in  boiler  plants;  a  preliminary 
report,  by  D.  T.  RandalL    1908.    26  pp.    5  cents.    (See  Bull.  373.) 

Bulletin  336.  Washing  and  coking  tests  of  coal  and  cupola  tests  of  coke,  by 
Richard  Moldenke,  A.  W.  Belden,  and  G.  R.  Delamater.    1908.    76  pp.    10  cents. 

Bulletin  339.  The  purchase  of  coal  under  government  and  commercial  speci- 
fications on  the  basis  of  its  heating  value,  with  analyses  of  coal  delivered  under  gov- 
ernment contracts,  by  D.  T.  Randall.    1908.    27  pp.    5  cents.    (See  Bull.  428.) 

Bulletin  343.    Binders  for  coal  briquettes,  by  J.  E.  Mills.    1908.    56  pp. 

Bulletin  362.  Mine  sampling  and  chemical  analyses  of  coals  tested  at  the  United 
States  fuel-testing  plant,  Norfolk,  Va.,  in  1907,  by  J.  S.  Burrows.  1908.  23  pp. 
Scents. 

Bulletin  363.  Comparative  tests  of  run-of-mine  and  briquetted  coal  on  locomo- 
tives, including  torpedo-boat  tests  and  some  foreign  specifications  for  briquetted  fuel, 
by  W.  F.  M.  Goss.    1908.    57  pp.,  4  pis. 

Bulletin  366.  Tests  of  coal  and  briquettes  as  fuel  for  house-heating  boilers,  by 
D.  T.  Randall.    1908.    44  pp.,  3  pis. 

Bulletin  367.  Significance  of  drafts  in  steam-boiler  practice,  by  W.  T.  Ray  and 
Henry  Kreisinger.    1909.    61  pp. 


32  FLOW   OF  HEAT  THROUGH  FURNJLCE   WALLS. 

Bulletin  368.  Washing  and  coking  tests  of  coal  at  Denver,  Colo.,  by  A.  W.  Belden 
G.  R.  Delamater,  and  J.  W.  Groves.    1909.    54  pp.,  2  pis. 

Bulletin  373.  The  smokeless  combustion  of  coal  in  boiler  plants,  by  D.  T.  Randall 
and  H.  W.  Weeks.    1909.    188  pp.    20  cents. 

Bulletin  378.  The  purchase  of  coal  under  government  specifications,  by  J.  S. 
Burrows.    !909.    44  pp.    10  cents.    (See  Bull.  428.) 

Bulletin  382.  The  effect  of  oxygen  in  coal,  by  David  White.  1909.  78  pp. 
3  pis. 

Bulletin  385.  Briquetting  tests  at  the  United  States  fuel-testing  plant,  Norfolk, 
Va.,  1907-8,  by  C.  L.  Wright.    1909.    41  pp.,  9  pis. 

Bulletin  392.  Commercial  deductions  from  comparisons  of  gasoline  and  alcohol 
tests  on  internal-combustion  engines,  by  R.  M.  Strong.    1909.    38  pp.    5  cents. 

Bulletin  393.  Incidental  problems  in  gas-producer  tests,  by  R.  H.  Femald,  C.  D. 
Smith,  J.  K.  Clement,  and  H.  A.  Grine.    1909.    29  pp.    5  cents. 

Bulletin  402.  The  utilization  of  fuel  in  locomotive  practice,  by  W.  F.  M.  Goes. 
1909.    28  pp. 

Bulletin  403.  Comparative  tests  of  run-of-mine  and  briquetted  coal  on  the  tor- 
pedo boat  Biddle,  by  Walter  T.  Ray  and  Henry  Kreisinger.    1909.    49  pp.    10  cents. 

Bulletin  412.  Tests  of  run-of-mine  and  briquetted  coal  in  a  locomotive  boiler, 
by  Walter  T.  Ray  and  Henry  Kreisinger.     1909.    32  pp. 

Bulletin  416.  Recent  development  of  the  producer-gas  power  plant  in  the  United 
States,  by  R.  H.  Femald.  1909.  82  pp.,  2  pis.  15  cents.  Reprinted  as  Bureau  of 
Mines  Bulletin  9. 

Bulletin  428.  The  purchase  of  coal  by  the  Government  under  specifications,  with 
analyses  of  coal  delivered  for  the  fiscal  year  1908-9,  by  G.  S.  Pope.  80  pp.  10  cents. 
Reprinted  as  Bureau  of  Mines  Bulletin  11. 

PUBLICATIONS  OP  THE   BUREAU  OF  MINES. 

Bulletin  1.  The  volatile  matter  of  coal,  by  H.  C.  Porter  and  F.  K.  Ovitz.  1910. 
56  pp.,  1  p]. 

Bulletin  2.  North  Dakota  lignite  as  a  fuel  for  power  plant  boilers,  by  D.  T.  Ran- 
dall and  Henry  Kreisinger.     1910.    42  pp.,  1  pi. 

Bulletin  3.  The  coke  industry  of  the  United  States  as  related  to  the  foundry,  by 
Richard  Moldenke.    1910.    32  pp. 

Bulletin  4.  Features  of  producer-gas  power-plant  development  in  Europe.  1911. 
27  pp.,  4  pis. 

Bulletin  5.  Coking  and  washing  tests  of  coal  at  Denver,  Colo.,  July  1,  1908,  to 
June  30,  1909,  by  A.  W.  Belden,  J.  W.  Groves,  and  K.  M.  Way.    1910.    62  pp. 

Bulletin  6.  Coals  available  for  illuminating-gas  manufacture,  by  A.  H.  White 
and  Perry  Barker.     1911. 

Bulletin  7.  Essential  factors  in  the  formation  of  producer-gas,  by  J.  K.  Clement, 
L.  H.  Adams,  and  C.  N.  Haskins.    1911. 

o 


Bulletin  10 

DEPARTMENT   OF   THE    INTERIOR 
BUREAU     OF     MINES 

JOSEPH  A.  HOLMES.  DiRBCTOK 


THE  USE  OF  PERMISSIBLE  EXPLOSIVES 


J.  J.  RUTLEDGE 


CLARENCE  HALL 


OOVBRNMENT  PRINTING  OPPICB 


CONTENTS. 


Preface 5 

Introductioii 7 

Explosives  used  in  coal  mines 7 

Government  testa  of  explosives 7 

Permissible  explosives 8 

Increased  use 8 

Sales  of  short-flame  explosives 8 

Sales  of  permissible  explosives 9 

Classes  of  j)ermiaBible  explosives 9 

Methods  of  using  permissible  explosives 10 

Placing  andcnarginff  of  shot  holes 10 

Position  of  shot  noles 10 

Care  in  placing  shots 10 

Size  of  cartridge 11 

Methods  of  charging  holes 11 

Clay  for  stemming 11 

Dangerous  stemmmg 11 

Tamping  bars • 12 

Tightness  of  tamping 12 

Use  of  air  space .12 

Permissible  explosives  and  black  powder  at  the  same  working  face. . .  12 

Firine  of  shots 12 

Electric  shot  firing 12 

Advantages  of  system 13 

Two  chaiges  in  a  hole 13 

Danger  of  practice 13 

Use  of  fuse  and  detonator 13 

Safety  device  for  fuse 14 

Misfires 14 

Prevention  of  misfires 14 

Shot  firing  by  miners 15 

Danger  ofthe  practice 15 

Employment  of  shot  firera 15 

Advantages  of  employing  shot  firers 15 

Shot  firing  by  entry  Dosses 15 

I^itions  of  gas  after  shots 16 

IMffusion  of  gases  from  shots 16 

Relative  risk  of  igniting  gas 16 

Effect  of  permissible  explosives  on  size  of  coal 17 

Proportion  of  small  coal  made 17 

Experience  needed  for  best  results 17 

Need  of  several  shots  in  thick  beds 17 

Cost  of  mining  with  permissible  explosives 18 

Cost  of  black  powder 18 

Cost  of  permissible  explosives 18 

Cost  of  detonators 18 

Relative  cost  of  black  powder  and  pennissible  explosives 18 

Improper  handling  ana  care  of  pemussible  explosives 19 

Misuse  of  permissible  explosives 19 

Excessive  charges 19 

Hidden  chaiges 19 

Igniting  gas  by  naked  lamp 20 

3 


4  CONTENTS. 

'  Page. 

Advantages  of  permissible  explosives 20 

Lessened  risk  of  fire 20 

"Fire  runnere"  unnecessary 20 

Less  damage  to  roof 20 

Cleaner  ribs 21 

Fewer  blown-out  shots 21 

Less  scattering  of  coal 21 

Fewer  air  blasts  and  windy  shots 21 

Used  in  wet  holes 22 

Necessary  in  gaseous  mines 22 

Results  of  use  in  Oklahoma  and  southern  Illinois 22 

Use  for  blasting  off  the  solid 22 

Absence  of  smoke 22 

Fumes  from  permissible  explosives 23 

Quantity  of  poisonous  gases 23 

Fumes  ftom  black  powder 23 

Gases  remaining  in  mine  air 23 

Gases  from  crevices 23 

Proportion  of  carbon  monoxide  in  such  gases 24 

Gases  from  black  blasting  powder 24 

Gases  from  permissible  explosives 24 

Gases  from  olasts  are  poisonous  and  inflammable 25 

Permissible  explosives  make  mining  pleasanter  and  safer 25 

Examples  of  ^[ood  practice  in  the  use  of  pemussible  explosives 26 

Driving  headings 26 

Driving  rooms 27 

Stemming 28 

Size  and  position  of  drill  holes 29 

Electric  firing  of  snots 29 

Arrangement  of  wires 29 

Operation  of  system 29 

Summary 32 

Factors  that  are  making  mining  safer 32 

Publications  on  mine  accidents  and  tests  of  explosives 33 


ILLUSTRATIONS. 


Page. 
Plate  1,  A,  Face  of  a  10-foot  heading  with  the  ** block"  hole  and  the  right 
rib  hole  drilled;  By  Face  of  a  10-foot  heading  after  the  "bloct" 

hole  was  fired 26 

II.  Af  Face  of  a  lO-foot  heading  before  firing  of  rib  holes;  coal  from 
"block"  hole  loaded  out;  S,  Face  of  a  10-foot  heading  after  both 
rib  holes  were  fired 26 

III.  Af  Coal  face  and  arrangement  of  drill  holes  in  a  20-foot  room;  B, 

Face  of  20-foot  room  before  charging  of  "breaker"  shot;  coal  from 
"block"  hole  loaded  out.. 28 

IV.  Af  Shot  firer  and  miner  charging  "breaker"  shot  in  room;  Bf  Room 

before  rib  holes  were  fired;  coal  from  "breaker"  shot  loaded  out..        28 
V.  Af  Face  of  room  after  firing  of  both  rib  shots;  B^  Model,  near  mine 

mouth,  of  the  arrangement  of  shot-firing  wires  inside  the  mine 28 

Figure  1.  A  proper  arrangement  of  holes  in  heading  with  coal  undercut. 

A,  front  view;  B,  plan;  (',  side  view 26 

2.  A  proper  arrangement  of  holes  in  a  room  with  coal  undercut. 

A,  front  view;  B,  plan;  C,  side  view 27 

3.  A  proper  arrangement  of  shot-firing  wires  in  a  mine  room 30 

4.  Plan  of  mine  workings  wired  for  electric  firing 32 


PREFACE. 


A  publication  entitled  "A  Primer  on  Explosives  for  Coal  Miners/' 
which  was  reprinted  as  Bureau  of  Mines  Bulletin  17,  contains  a  general 
account  of  the  properties  of  the  explosives  commonly  used  for  blasting 
coal,  a  description  of  the  devices  used  for  firing  such  explosives,  and 
some  general  directions  on  the  use  of  explosives.  The  present  bulle- 
tin is  printed  as  a  supplement  to  Bulletin  17  and  is  intended  primarily 
for  coal  miners,  especially  for  those  working  in  fields  where  inflam- 
mable gas  or  coal  dust  may  cause  disastrous  mine  explosions.  The 
bulletin  is  issued  by  the  Bureau  of  Mines  in  the  hope  that  it  may 
prove  helpful  in  lessening  accidents  due  to  the  use  of  explosives,  and 
in  particular  may  aid  in  preventing  mine  explosions,  many  of  which 
have  been  caused  by  the  use  of  improper  explosives. 

The  authors  wish  to  acknowledge  the  courtesies  shown  them  by 
various  coal-mining  companies  in  the  course  of  visits  to  mines  at 
which  permissible  explosives  are  used.  In  particular,  they  wish  to 
thank  the  officials  of  the  ConsoUdation  Coal  Co.,  Fairmont,  W.  Va.i 
for  cooperation  in  obtaining  photographs  to  illustrate  the  methods 
of  using  explosives,  and  the  Tennessee  Coal,  Iron,  and  Railroad  Co., 
Birmingham,  Ala.,  for  the  material  used  for  the  illustrations  showing 
the  arrangement  of  shot-firing  wires  in  headings  and  rooms. 
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THE  USE  OF  PERMISSIBLE  EXPLOSIVES. 

By  J.  J.  RuTLEDGE  and  Clarence  Hall. 


INTRODUCTION. 

Many  of  the  fatal  accidents  in  coal  mines  have  resulted  from  the 
Esidoiivei  used  in  ^se  of  explosives  f OF  breaking  down  the  coal.     These 
cofti  millet.  accidents  have  resulted  both  from  the  use  of  explo- 

sives that  were  not  suitable  and  from  the  careless  or  improper  use  of 
suitable  explosives. 

Investigation  has  shown  that  one  of  the  commonest  causes  of  dis- 
astrous explosions  in  the  coal  mines  in  this  country  has  been  a  blown- 
out  shot  of  black  blasting  powder  or  dynamite.  The  dangers  that 
attend  the  use  of  these  explosives  were  perceived  several  years  ago, 
and  in  consequence  the  attention  of  powder  manufacturers  was 
directed  to  the  production  of  explosives  that  would  be  less  liable  to 
ignite  inflammable  gas  or  dust.  The  manufacturers  have  been  so 
successful  in  their  efforts  that  it  is  now  possible  to  obtain  explosives 
which  yield  much  shorter  and  quicker  flames  than  black  blasting 
powder  or  dynamite,  and  hence  are  much  less  dangerous  to  use  in 
fiery  or  dusty  coal  mines. 

To  find  out  which  of  the  many  grades  of  short-flame  explosives 
oofenmont  tests  have    the   qualities  that  render  an  explosive  most 
ofeziiiottfes.  effective  and  least  dangerous  for  mining  coal,  the 

United  States  Government  established  a  testing  station  at  Pitts- 
burgh, Pa.,  in  1908.  This  station  is  now  under  the  charge  of  the 
Federal  Bureau  of  Mines.  Before  the  station  was  opened  a  state- 
ment of  the  requirements  that  the  explosives  in  question  would 
have  to  satisfy  was  drawn  up  and  sent  to  manufacturers.  A  number 
of  these  sent  explosives  to  be  tested,  and  on  May  15,  1909,  a  list  of 
the  explosives  that  had  passed  the  tests  was  published.  Since  that 
date  other  brands  of  explosives  have  been  tested  and  three  more 
lists  have  been  issued.  The  latest  list,  published  in  Miners'  Cir- 
cular 2,  Bureau  of  Mines,  contained  the  names  of  no  less  than  71 
explosives  that  had  passed  the  tests  prior  to  January  1,  1911. 
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THE  USE  OF  PERMISSIBLE  EXPLOSIVES. 


Innrcawd  nae. 


These  explosives  are  termed  permissible  explosives  and  are  thus 

p«imiMiid6  expio-  defined :  An  explosive  is  termed  a  permissible  explosive 

■'^■'  when  it  is  similar  in  all  respects  to  the  sample  that 

passed  certain  tests  by  the  Federal  Bureau  of  Klines,  and  when  it  is 

used  in  accordance  with  the  conditions  prescribed  by  the  bureau. 

The  tests  that  the  explosives  must  pass  and  the  conditions  under 
which  they  are  deemed  permissible  are  given  in  two  publications. 
Bulletin  17  and  Miners'  Grcfular  2,  of  the  Bureau  of  Mines. 

All  the  explosives  named  in  the  published  tests  of  permissible 
explosives  are  short-flame  explosives;  but  there  are  short-flame 
explosives  that  have  not  yet  satisfied  the  requirements  of  the  Bureau 
of  Mines  and  hence  are  not  permissible  explosives. 

Permissible  explosives  are  now  used  to  a  considerable  extent  in  the 

coal  mines  of  Pennsylvania,  West  Virginia,  Alabama, 
Colorado,  and  to  a  less  extent  in  those  of  southern 
Illinois,  Oklahoma,  and  other  States.  Their  use  increased  greatly 
during  the  last  half  of  the  year  1909,  the  quantity  sold  in  that 
period  being  nearly  three  times  as  great  as  that  sold  in  the  whole 
of  1908.  This  rapid  increase  is  believed  to  have  resulted  in  part 
from  the  publication  of  facts  about  these  explosives  by  the  United 
States  Government  and  in  part  from  repeated  public  demonstrations 
at  the  Pittsburgh  station  which  proved  that  shots  of  black  blasting 
powder  ignited  the  dust  of  bituminous  coal,  but  shots  of  permissible 
explosives  did  not. 

In  order  to  find  out  how  fast  the  use  of  better  explosives  was 
Sales  of  ihori-  increasing,  the  Government  sent  inquiries  to  various 
flame  eipiosiTet.  rnakers  of  explosives  in  this  country.  In  reply  to 
these  inquiries  the  manufacturers  gave  their  yearly  sales  of  short- 
flame  explosives  for  the  years  1900  to  1909.  From  these  statements 
two  tables  have  been  prepared.  The  first  table  shows  the  quantities 
sold  during  each  year  from  1900  to  1909.  The  second  gives  the 
quantities  sold  during  the  first  and  second  halves  of  the  year  1909 
and  names  the  different  coal  fields  in  which  the  explosives  were  sold 
that  year. 

Yearly  sales  of  short-flame  explosives  in  the  United  States. 


Year. 


1900. 
1901. 
1902. 
1903. 
1904. 


Pounds. 


11,300 
288,661 
608,270 


1905. 
1906. 
1907. 
1908. 
1909. 


Year. 


Pounds. 


1,031,300 
1,533,575 
3,005,2U 
2,108,610 
0  8,942,857 


A  Includes  8,598,027  pounds  of  permissible  explosives. 
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Quantity  of  permissible  and  short-flame  explosives  sold  in  different  coalfields  in  VJ09. 


Coal  fields. 


I 

From      I      From 

Jan.  1  to   '  July  1  to 

June  30.    i  Dec.  31. 


Pounds, 

Penosylvania anthracite I      329,330  ; 

Northern  Appalachian I    2, 132,876 


Southern  Appalachian. 

Eastern  interior 

Western  interior 

Rocky  Mountain 

Pacific  coast 


618,900 

760 

82,500 

12,700 

29,610 


3,206,665 


Pounds. 
664,964 

3,843,750 
816,050 
6,206 
171,975 
134,000 
199.248 


Total. 


5,736.192 


Pounds. 

894,294 

5.976,625 

1,434,950 

6,955 

254.475 

146,700 

228.858 

a  8. 942, 857 


o  Includes  8,598,027  pounds  of  permissible  explosives. 

The  first  table  shows  that  the  total  production  of  short-flame  explo- 
sives in  the  years  1902  to  1908,  inclusive,  was  7,676,960  pounds,  and 
that  the  production  in  1909  was  8,942,857  pounds;  in  other  words, 
•the  production  of  these  explosives  in  the  single  year  1909  exceeded 
the  entire  production  in  the  United  States  up  to  January  1,  1909,  by 
1 ,265,897  pounds. 

The  second  table  shows  how  rapidly  the  use  of  short-flame  and 
Sales  of  penaiasi-  permissible  explosives  is  increasing  in  the  different 
bieezpio8i?ea.  ^^^j  fields.     The  table,  in  a  way,  also  show^s  how  coal 

mining  is  being  made  safer  for  the  miner,  because  each  pound  of  these 
short-flame  explosives  used  takes  the  place  of  at  least  a  pound,  and 
probably  much  more  than  a  pound,  of  the  more  dangerous  black 
powder.  The  demand  for  the  permissible  explosives  is  shown  by  the 
fact  that  in  1909  the  total  sales  of  such  explosives  in  the  different 
coal  fields  amounted  to  8,598,027  pounds,  or  more  than  96  per  cent 
of  the  total  sales  of  the  short-flame  explosives  in  that  year.  The 
returns  received  from  the  manufacturers  indicate  that  the  sales  of 
permissible  explosives  for  the  year  1910  reached  12,000,000  pounds. 

Permissible  explosives  may  be  arranged  in  four  classes  that  are 
cianea  of  pemis-  based  on  the  nature  of  the  substances  used  in  making 
iii>ie  eipioitvas.  ^j^^  explosives  and  the  proportions  used  of  these  sub- 
stances. These  classes  are:  Ammonium  nitrate,  nitroglycerin,  nitro- 
starch,  and  hydrated  explosives.  Some  of  the  manufacturers  of  per- 
missible explosives  make  several  grades  of  each  of  these  classes,  each 
grade  being  suited  for  some  of  the  varying  conditions  that  exist  in 
the  coal  beds  of  different  regions.  It  is  possible  by  experiment  to 
make  a  permissible  explosive  suitable  for  shooting  any  coal  that  is 
properly  undercut  or  sheared,  just  as  it  is  possible  to  get  a  grade  of 
black  blasting  powder  suitable  for  blasting  the  same  coal.  Manu- 
facturers are  trying  to  make  explosives  of  the  " permissible"  type  that 

11846^— Bull.  10—12 2 
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will  meet  the  requirements  in  each  of  the  coal  fields  in  this  country, 
that  will  do  any  kind  of  blasting  as  well  as  black  blasting  powder, 
and  that  will  do  it  with  less  danger  to  the  miner.  In  these  efforts 
the  manufacturers  have  already  made  good  progress. 

Most  permissible  explosives  have  the  general  character  of  "  high  " 
explosives,  and  all  are  entirely  different  from  black  blasting  powder 
in  composition  and  action.  They  give  a  shorter  flame,  explode  more 
quickly,  and  are  much  more  powerful.  To  use  them  properly  the 
miner  must  allow  for  their  greater  quickness  and  strength. 

METHODS  OF  USING  PERMISSEBIjE  EXPIjOSIVES. 

The  authors  of  this  bulletin  visited  many  coal  mines  in  which  per- 
missible explosives  were  being  used,  and  noted  the  ways  in  which  the 
explosives  were  employed  to  shoot  beds  of  coal  that  differed  in  hard- 
ness, in  height,  and  in  the  character  of  the  joints,  partings,  etc.  They 
gave  careful  attention  to  the  ways  in  which  holes  were  placed  and 
charged  and  the  methods  of  firing  shots. 

PLACING   AND  GHABGING   OF   SHOT  HOLES. 

Coal  beds  vary  greatly  in  thickness  and  in  other  features  from  place 
Pofttion  of  shot  ^^  place,  so  the  best  position  and  arrangement  of  shot 
****•*•  holes  can   not   be  the  same  in  all  coal   fields.     In 

some  districts,  shots  of  permissible  explosives  must  be  placed  2  feet 
from  the  roof  and  ribs  in  order  to  give  best  results,  whereas  in  other 
districts  the  shots  must  be  placed  6  inches  from  the  roof  and  ribs. 
The  ''lift"  of  the  hole  (the  angle  the  hole  makes  with  a  horizontal 
plane)  must  also  vary  in  different  fields.  In  some  districts  the  holes 
are  driven  nearly  flat  and  in  others  they  make  an  angle  of  30**  with 
the  horizontal.  However,  holes  for  permissible  explosives  never  re- 
quire as  great  a  lift  as  do  holes  for  black  blasting  powder,  and  level 
holes  that  "cut  ouf  horizontally  give  better  results  than  holes  with 
considerable  lift.  Generally  all  holes  are  driven  parallel  to  the  ribs, 
but  if  a  face  is  uneveD  one  drUl  hole  may  be  driven  at  an  angle  with  the 
rib  in  order  to  square  up  the  face.  The  holes  should  never  be  drilled 
on  the  solid,  and  should  never  be  driven  any  farther  than  the  under- 
cutting or  shearing  extends. 

In  using  permissible  explosives  the  miner  should  take  all  the  pre- 
oare  In    pucing  cautioHs  that  a  careful  miner  would  take  in  using 
'''®^*  black  powder.     The  permissible  explosives  are  much 

stronger,  bulk  for  bulk,  than  black  powder,  and  they  will  not  give 
the  best  results  unless  the)'-  are  used  with  judgment.  From  their 
observations  in  many  coal  mines,  the  writers  of  this  bulletin  are  con- 
vinced that  permissible  explosives  work  to  best  advantage  and  yield 
the  largest  proportion  of  lump  coal  when  the  face  is  undercut  properly 
and  then  blasted  by  several  successive  shots.     It  is  much  better  and 
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safer  to  use  a  number  of  small  shots  than  a  few  large  ones.  As  a  rule, 
increasmg  the  number  of  shot  holes,  up  to  a  certain  lunit,  increases 
the  proportion  of  lump  coal.  In  the  best  practice,  aU  holes  are  so 
drilled  as  to  take  every  possible  advantage  of  bands  or  partings  in  the 
coal  bed,  and  each  shot  is  fired  and  the  coal  is  loaded  out  before  the 
next  shot  is  fired. 

Each  permissible  explosive  is  sold  in  cartridges  that  are  always 

made  of  a  certain  diameter  and  length.  Consequently 
the  miner  can  tell  exactly  how  large  the  drill  hole 
must  be  to  give  good  results  from  a  charge  of  each  explosive, 
and  can  keep  his  coal  auger  at  a  certain  definite  gage. 

Some  permissible  explosives  are  sold  in  cartridges  that  are  too 
Kathods  of  oharg-  l^Tg©  to  be  inserted  in  the  drill  hole.  If  the  diameter 
IBS  hotel.  ^f  ^  cartridge  is  too  large  the  cartridge  is  usually  slit 

and  the  explosive  is  removed  and  put  in  a  loosely  rolled  paper  case 
that  is  just  large  enough  to  fit  the  drill  hole.  To  make  a  new  case  in 
this  way  takes  time  and  delays  the  miner  in  preparing  his  shots. 
This  procedure  is  not  recommended,  because  tests  at  the  Pittsburgh 
testing  station  show  that  any  change  made  in  the  kind  or  quantity  of 
paper  in  the  case  causes  a  change  in  the  gaseous  products  of  explosion 
and,  in  some  cases,  in  the  safety  qualities  of  the  explosive.  If  the 
cartridges  supplied  have  considerably  less  diameter  than  the  drill 
hole,  some  miners  slit  the  cartridges  into  halves  lengthwise  and  tamp 
the  separate  pieces  tightly  into  the  hole.  This  method  is  followed 
where  the  coal  requires  a  quick  explosive.  If  a  slower  action  is 
needed,  it  may  be  had  by  leaving  an  air  space  in  the  drill  hole  about 
the  cartridge. 

Because  of  the  delay  caused  by  making  new  cartridges,  the  miner 
usually  prefers  explosives  in  cartridges  that  fit  the  drill  hole  and  can 
be  used  just  as  they  are  supplied.  If  the  cartridges  fit  the  hole  snugly, 
no  time  is  lost  in  charging  shots,  whether  miners  or  shot  firers  do  this 
work. 

Moist  clay  made  into  "dummy''  cartridges  of  slightly  smaller 

diameter  than  the  drill  holes  is  employed  for  stem- 
ming  at  most  nunes  where  permissible  explosives  are 
used.  This  clay  is  either  dug  outside  the  mine,  brought  in  by  mine 
cars,  and  left  along  the  entries  at  points  within  easy  reach  of  the 
miners,  or  it  is  dug  inside  the  mine,  from  the  clay  bed  underlying  or 
overlying  the  coal,  and  distributed  along  the  entries. 

At  some  mines  the  writers  saw  shots  tamped  with  coal  spalls,  but 
Daacerou  item-  ^hc  practice  is  not  recommended.  Coal  cuttings  and 
"^'  fine  dust  made  by  the  cutting  machine  or  the  auger 

have  been  used  for  stemming,  but  their  use  is  dangerous.  Even  if 
they  are  wet,  the  relatively  cool  flame  of  a  permissible  explosive  may 
ignite  them. 
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Wooden  rods  that  fit  the  drill  hole  snugly  should  always  be  employed 

as  tamping  bars.     Iron  or  steel  rods  should  never  be 
used,   and  even  copper-tipped  bars  are  not  to  be 
recommended. 

r  The  tightness  of  the  tamping  for  pennissible  explosives  varies 
TightzMssoftamp-  considerably  in  diflferent  fields.     Some  coals  seem  to 
^'  break  best  if  the  stemming  is  tamped  tightly;  other 

coals  break  best  if  the  stemming  is  packed  loosely  near  the  explosive 
and  tamped  tightly  throughout  the  rest  of  the  hole.  If  an  explosive 
is  too  quick  acting  for  a  certain  coal,  many  miners  put  in  a  plug  of 
soft,  tough  clay  so  as  to  leave  a  small  air  space  between  the  explosive 
and  the  stemming.     Such  an  air  space  lessens  the  charging  density; 

that  is,  it  makes  the  charge  smaller  in  proportion 

TXie  of  air  ipaoe.  .i«  #.t  i         i  mi  /«  -i 

to  the  Size  of  the  chamber.  The  effect  or  the  air 
space  is  to  reduce  the  shattering  action  of  a  quick  explosive  enough 
to  suit  the  particular  coal  being  blasted.  If  an  air  space  is  left 
about  the  charge,  the  miner  or  shot  firer  must  take  great  care  to  ram 
firmly  the  outer  part  of  the  stemming. 

At  several  mines  the  writers  saw  that  the  first  or  opening  shot,  on 

the  success  of  which  all  the  foUowing  shots  in  the 
■tSJwJSSlck^wI  face  depended,  was  fired  with  black  blasting  powder, 
wOTi^gfioe.'*"*  because  this   explosive    acts  more   slowly  than  the 

permissible  explosives  used.  In  these  mines  the 
miners  had  the  option  of  using  either  black  powder  or  permissible 
explosives  in  the  opening  shot. .  To  use  two  explosives  in  such  a  way 
is  not  good  practice.  There  is  too  great  a  chance  of  the  explosives 
getting  mixed;  and  if  different  explosives  are  used  in  the  same  drill 
hole  fires  are  likely  to  result.  Aside  from  the  danger  of  fires,  black 
powder  should  not  be  used  in  bituminous  mines  that  are  dusty  or  in 
mines  that  make  any  gas  (methane)  at  all,  for  in  such  mines  shots 
of  black  powder  may  start  explosions,  no  matter  how  well  the  shots 
are  placed  and  charged. 

FIRING   OF   SHOTS. 

In  those  mines  that  use  the  permissible  explosives  in  the  best  and 

safest  ways,  shot  firers  are  employed,  and  the  shots 
are  exploded  by  electnc  detonators."  Each  shot  firer 
carries  with  him  on  his  rounds  a  number  of  electric  detonators  and 
a  firing  machine.  In  the  interior  and  far  western  coal  fields  it 
is  the  rule,  and  in  the  majority  of  the  Western  States  it  is  required 
by  law  that  shot  firers  make  their  rounds  only  after  the  miners  have 
left  the  mine.  In  some  of  the  mines  in  the  Appalachian  fields  (Penn- 
sylvania to  Alabama)  it  is  customary  to  fire  the  shots  during  the  day 
shift.     There  the  shot  firer's  round  of  the  places  is  so  timed  that  when 

a  See  pp.  2^-32  for  a  more  detailed  description  of  electrical  shot  firing. 
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he  arrives  at  each  working  place  the  miner  has  generally  prepared  the 
hole,  has  placed  the  stemming  and  the  explosive  near  tlxe  drill  hole, 
and  is  waiting  for  him.  The  shot  firer  examines  the  face,  estimates  the 
quantity  of  explosive  needed,  fits  the  electric  detonator  to  the  explo- 
sive, and  then  inserts  and  tamps  the  charge.  The  miner  usually  helps 
to  load  the  stemming.  As  soon  as  the  tamping  is  done,  the  detonator 
legs  are  properly  connected  to  one  end  of  a  piece  of  double  leading 
•  wire  or  cable  from  75  to  100  feet  long,  and  the  farther  end  of  the  cable 
is  carried  back  to  a  crosscut  or  other  convenient  place  out  of  danger 
from  the  shot.  Then,  after  everyone  has  left  the  working  place,  the 
wires  are  connected  to  the  firing  machine  and  the  shot  is  fired.  This 
plan,  if  carefully  followed,  greatly  reduces  the  dangers  of  accidents 
from  shot  firing  during  a  shift.  Generally  there  is  a  loss  every  few 
days  of  a  foot  or  two  of  leading  wire,  due  to  the  breakage  of  the  ends 
of  the  wireSj  but  this  loss  is  too  small  to  be  considered. 

At  the  mines  where  this  plan  is  now  in  use,  the  number  of  shot  firers 
needed  is  about  one  for  each  200  to  300  tons  of  run-of-mine  coal  per 
day,  provided  the  coal  has  been  properly  undercut  before  shooting. 

An  advantage  of  the  system  of  shot  firing  by  electricity  is  that  the 
AdnuitAgesofiyi-  Operators  usually  furnish  the  electric  detonators,  and 
*""•  the  detonators  they  supply  are  more  apt  to  be  uni- 

formly good  than  those  bought  by  the  miners  at  different  stores. 
Another  advantage  is  that  the  operator  knows  that  the  detonators 
are  of  the  right  strength — a  most  essential  matter — and  can  fix  the 
responsibility  if  poor  detonators  are  used. 

In  one  mine  visited,  shot  holes  with  extra  heavy  heels  were  some- 
Two  charges  In  a  times  loaded  with  two  charges,  and  these  charges 
^^^'  were  fired  in  series.     For  example,    in  a  6-foot  hole 

with  two  sticks  of  permissible  explosive  at  the  bottom,  half  a  stick 
was  placed  at  a  point  2 J  feet  from  the  mouth,  and  tlie  remainder  of 
the  hole  was  tightly  tamped.  The  legs  from  the  electric  detonators 
were  arranged  to  connect  the  charges  in  series;  that  is,  one  after  the 
other.  When  the  shot  was  fired,  the  extra  charge  blew  off  the  heavy 
heel.  This  practice  is  dangerous,  because  if  the  outer  detonator  is 
defective  and  does  not  explode,  and  the  inner  one  is  good  and  ex- 
plodes, the  outer  charge  will  be  blown  out  of  the  hole,  and  its  flame 

may  ignite  gas  or  durt.  Wherever  shots  are  so  placed 
that  they  depend  one  on  the  other  for  relief,  the 
best  practice  demands  that  tBe  single  holes  should  be  fired  separately 
in  their  proper  order. 

Ordinary  fuse  has  been  and  still  is  generally  used  for  firing  such 

TXse  of  faie  and  shots  as  the  miner  himself  fires.     Fuse  and  detonator 

detonator.  ^j,^  ^]^^  used  in  some  mines  in  which  shot  firers  are 

employed.  Where  fuse  is  employed  in  firing  permissible  explosives, 
the  common  practice  is  to  load  and  fire  the  holes  shortly  after  they 
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are  drilled.  Although  convenient,  the  practice  is  not  recommended 
for  use  in  coal  mines  in  which  inflammable  gases  occur.  The  chance 
of  an  explosive  not  detonating  properly  is  always  greater  with  fuse 
than  with  electric  detonators.  The  chief  danger,  however,  is  in  the 
ignition  of  gas.  The  naked  flame  used  to  light  the  fuse,  or  the  flame 
from  the  fuse  itself,  may  ignite  gas  at  the  face  and  start  an  explosion. 

Recently  a  device  has  been  placed  on  the  market  that  is  said  to 
Safety  defice  for  prevent  the  spitting  of  fuse,  and  hence  the  ignition  of. 
'°^*  gas.     This  device  consists  of  a  tube  that  fits  tightly 

over  the  outer  end  of  the  fuse  and  contains  a  composition  that  is 
ignited  by  turning  a  projecting  wire.  The  device  is  successful  in  pre- 
venting the  spitting  of  the  fuse  generally  offered  for  sale  in  this  coun- 
try, but  its  value  is  greatly  lessened  by  the  fact  that  flame  frequently 
bursts  from  the  side  of  the  fuse. 

In  some  mines  there  is  a  tendency  to  economize  by  using  short 
lengths  of  fuse.  This  is  a  bad  and  dangerous  practice,  for  it  is  apt  to 
result  in  a  shot  going  off  too  soon. 

Since  electric  detonators  cost  about  as  much  as  good  fuse  of  the 
same  length  and  are  much  safer,  they  should  always  be  used  in 
gaseous  and  dusty  coal  mines. 

Fuse  may  cause  misfires  because  of  kinks  or  cuts,  or  because  the 

gunpowder  core  is  missing  in  places,  or  because  the 
detonator,  from  not  having  been  securely  crimped, 
works  loose  from  the  fuse. 

If  the  proper  precautions  are  not  taken,  shots  of  permissible  explo- 
sives may  misfire.  Such  failures  may  be  caused  in  one  or  more  of  the 
five  following  ways: 

1.  Imperfect  detonation;  generally  the  result  of  using  a  detonator 
that  is  too  weak. 

2.  A  displaced  detonator. 

3.  The  use  of  frozen  or  damaged  explosive. 

4.  A  short  circuit  caused  by  an  imperfectly  connected  wire,  or  by 
the  leading  wire  or  the  legs  of  the  electric  detonator  having  lost  part 
of  their  insulation. 

5.  Defects  in  the  battery  or  firing  machine. 

A  statement  of  the  causes  of  misfires  indicates  how  misfiires  may 
Preveiition  of  mi»-  ^®  prevented.     The  detonators  should  be  fresh  and 
^*"''  strong  enough  to  explode  the  charge  completely;  they 

should  be  properly  placed  in  the  cartridge;  the  leading  wires  and  the 
detonator  legs  should  be  properly  insulated,  and  the  battery  should  be 
in  good  condition.  Leading  wires  and  detonators  should  be  carefully 
examined  before  each  shot,  and  any  bare  places  that  are  found  should 
be  properly  covered.  All  frozen  explosives  should  be  thoroughly 
thawed  before  use. 
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At  several  mines  in  the  eastern  districts  of  the  United  States,  the 
Shot  firing  by  miners  fire  the  shots  of  permissible  explosives  with 
"**•"•  fuse  and  detonator.      The  shots  are  generally  fired 

either  before  the  shift  or  in  the  early  part  of  the  shift.  An  exami- 
nation of  the  results  at  the  mines  visited  showed  that  this  practice 
does  not  give  as  good  results  as  having  the  firing  done  by  special  men, 
because  of  the  miner's  tendency  to  use  more  explosive  than  is  needed 
to  bring  down  the  coal.  This  overcharging  of  shots  increases  the 
percentage  of  fine  coal.  Another  disadvantage  of  such  shot  firing  by 
miners  is  that  the  shots  are  not  fired  systematically.  Still  another  and 
much  more  serious  objection,  particularly  in  gaseous  mines,  is  the 
increased  danger  of  gas  being  ignited,  either  in  lighting  the  fuse  or  by 
the  burning  fuse  itself.  Many  gas  explosions  have  started  from  shots 
Danger  of  the  &^^d  by  miners.  In  addition,  the  dangers  that  attend 
v'^^'  handling  all  explosives  are  much  increased  by  allowing 

miners  to  fire  shots,  because  the  explosives  and  detonators  may  be 
handled  by  men  who  are  not  familiar  with  the  properties  of  the  explo- 
sives or  who  disregard  the  risks  in  their  use. 

The  firing  of  permissible  explosives  in  the  chief  coal-mining  districts 
Employment  of  ^^  been  done  by  special  men  whose  sole  duty  is  to 
shotflreri.  •  ^^  shots.     The  shot  fircr  carries  either  a  shot-firing 

lamp,  a  magneto  machine,  or  a  dry-cell  battery  with  a  safety-contact 
button.  He  goes  from  one  working  place  to  another  loading  and 
tamping  the  shots  and,  as  soon  as  they  are  ready,  firing  them.  No 
shot  is  supposed  to  be  fired  unless  the  working  place  is  properly  tim- 
bered and  the  shot  firer  is  satisfied  that  the  shot  is  properly  placed. 
As  the  shots  are  fired  in  order,  as  far  as  is  possible,  the  miner  knows 
when  to  expect  the  shot  firer  and  usually  has  his  shots  ready  for  load- 
ing and  tampmg  as  soon  as  the  latter  arrives. 

Compared  with  the  plan  of  allowing  miners  to  fire  shots,  the  employ- 
Advantagesof  em-  nient  of  a  shot  firer  leads  to  larger  yields  of  lump  coal, 
ikioyingihotflren.  regulates  better  the  quantity  of  explosive  used,  results 
in  more  systematic  work,  and  maintains  stricter  discipline.  Another 
advantage  is  that  the  plan  prevents  one  miner  loading  out  all  his  coal 
before  his  neighbor,  and  thus  assures  the  driver  having  a  uniform 
tonnage  to  haul  during  the  entire  shift. 

During  recent  years  the  mines  that  have  the  best  discipline  among 

Shot  iiring  by  en-  thosc  situated  in  districts  where  there  is  considerable 

ti7t>oiaes.  gg^^  Qj.  ^hgre  the  roof  is  poor  and  much  timbering  is 

required,  have  been  employing  entry,  district,  or  "face"  bosses. 
These  tnen  are  picked  miners  of  much  experience.  Each  entry  boss 
patrols  the  working  places  in  his  charge  to  see  that  they  are  properly 
timbered  and  that  the  miner  is  always  working  under  safe  conditions. 
Some  companies  have  found  the  services  of  these  men  of  great  value 
and  there  can  be  no  doubt  that  the  general  employment  of  entry  bosses 
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would  greatly  lessen  the  number  of  accidents.  If  permissible  ex- 
plosives are  employed  and  a  mine  is  properly  districted,  these  entry, 
district,  or  '^face''  bosses  may  also  perform  the  duties  of  shot  firer. 
The  tamping  and  firing  takes  little  time  and  since  each  boss  has  to 
visit  each  working  place  anyway,  he  can  easily  perform  this  small 
additional  duty.  Some  mines  in  West  Virginia  and  some  in  Pennsyl- 
vania have  found  this  arrangement  most  satisfactory. 

It  is  extremely  difficult  to  get  correct  information  as  to  ignitions  of 

ignitioiLs  of  KM  g^  after  shots  of  permissible  explosives.    Shot  firers 
after  ihots.  ^^^^  miners  are  apt  to  fail  to  report  such  ignitions,  and 

when  they  refer  to  them  later  they  do  not  recall  the  exact  facts  in  each 
case.  From  what  the  writers  have  seen  while  following  shot  firers  on 
their  rounds,  it  seems  extremely  probable  that  by  far  the  larger  num- 
ber of  the  ignitions  laid  to  permissible  explosives  are  really  caused  by 
bringing  an  open  lamp  to  the  face  immediately  after  shooting,  and 
holding  it  close  to  the  face  to  see  the  results  of  the  shot. 

If  the  coal  is  undercut  and  the  holes  properly  charged,  the  shots  do 

Diffasion  of  gases  ^^^  scatter  the  coal,  but  merely  drop  it  a  few  inches 
from  shots.  ^^^  open  cracks  and  crevices  at  the  roof  and  along  the 

bedding  planes;  consequently  the  gases  liberated  from  the  coal  and 
the  gases  from  the  explosive  itself  do  not  escape  as  freely  as  when,  with 
excessive  charges  of  black  powder,  the  coal  is  blown  away  from  the 
face  and  shattered.  The  inflammable  gases  from  properly  placed 
shots  of  permissible  explosives  diffuse  slowly,  and  are  easily  ignited  by 
an  open  flame  held  near  the  face  immediately  after  shooting.  The 
risk  of  ignition  is  just  about  the  same  as  it  would  be  if  black  blasting 
powder  were  used  in  smaller  charges  than  are  customary,  and  the  coal 
were  not  blown  from  the  bed  but  merely  dropped  on  the  floor.  Some 
experiments  made  in  a  mine  in  northern  West  Virginia,  in  which  open 
lights  were  used  and  little  or  no  gas  was  found  under  ordinary  con- 

Keuttveriskofig-  ditions,  showcd  the  risk  to  be  about  equal  with  the 
nitinggas.  ^^^  explosives.     When  open  lights  were  brought  to 

faces  freshly  blasted  by  permissible  explosives  and  touched  to  cracks 
in  the  coal,  gas  was  ignited  in  nearly  every  trial.  When  black  powder 
was  used  and  the  coal  was  not  scattered  but  merely  dropped  on  the 
floor,  the  gas  in  the  cracks  of  the  face  was  ignited  in  just  about  the 
same  proportion  of  trials. 

If  the  interval  between  firing  a  shot  of  a  permissible  explosive  and 
bringing  a  naked  flame  to  the  face  is  at  least  five  minutes,  there  should 
be  little  danger  of  the  naked  flame  igniting  gas. 
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EFFECT   OF  PERMISSIBLE   EXPLOSIVES   ON   SIZE   OF  COAL. 

Pennissible  explosives  have  come  into  use  so  recently  that  it  is  not 
Proportion  of  ^^7  ^^  S^^  reliable  figures  showing  the  increased  pro- 
iBAUcoai  nada.  portion  of  fine  coal  they  make  as  compared  with  black 
blasting  powder.  The  estimates  of  this  increase  given  by  mine 
superintendents  run  from  no  increase  to  10  per  cent.  Some  super- 
intendents maintain  that  although  smaller  lumps  of  coal  may  be 
made  by  using  permissible  explosives,  yet  changing  from  black  blast- 
ing powder  to  these  explosives  does  not  increase  the  proportion  of 
fine  coal.  Some  persons  state  that  the  lumps  of  coal  produced  by 
using  pennissible  explosives  are  not  so  easily  broken  up  during  trans- 
portation or  exposure  to  the  air  as  are  those  made  by  using  black 
blasting  powder,  whereas  other  persons  maintain  the  reverse^  How- 
ever, if  the  coal  is  undercut  or  sheared  and  the  blasting  is  done  with 
judgment,  the  permissible  explosives  make  |is  good  coal  as  black 
blasting  powder  and  at  approximately  the  same  cost. 

When  a  mine  makes  the  change  from  black  powder  to  a  permissible 
BzpoxiMweModod  explosive,  there  may  be  a  slight  increase  in  the  pro- 
forbostronitt.  portion  of  fine  coal  made;  but  a  considerable  part  of 
this  increase  must  be  laid  to  the  miners'  lack  of  experience  with 
the  new  explosive.  Miners  must  become  accustomed  to  the  use  of  a 
new  grade  of  black  blasting  powder  before  they  can  get  good  results 
with  it,  and  each  miner  must  learn  by  experience  how  best  to  shoot 
any  coal  bed  that  is  new  to  him.  In  like  manner,  a  miner  must 
become  accustomed  to  using  permissible  explosives,  for  these  explo- 
sives are  entirely  different  from  black  powder  and  must  be  used  in 
a  different  way. 

From  what  the  writers  have  seen  in  mines  that  use  permissible 
vood  of  wfwai  explosives,  they  have  come  to  believe  that  miners  are 

tfiotomtlilokbedi.     ^p|.  ^^   ^^y  ^^   y^^   ^  |.jji^j^  ^Q^  |j^  ^j^lj  ^jj     ^^^ 

or  two  shots  instead  of  using  several  shots,  as  they  ought  w.  If 
such  a  bed  were  not  undermined,  either  by  a  puncher  or  a  chain 
machine,  and  the  coal  were  being  shot  off  the  solid  with  black  blast- 
ing powder,  a  miner  would  never  think  of  trying  to  blast  the  bed  in 
one  bench,  but  would  break  the  coal  down  by  several  shots,  each 
shot  depending  for  its  success  on  the  preceding  one.  The  miner 
should  use  permissible  explosives  with  equal  judgment;  if  he  does  he 
will  find  that  the  proportion  of  lump  coal  produced  compares  very 
favorably  with  what  he  would  get  by  the  use  of  black  powder. 

11846*»— Bull.  10—12 3 
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COST  OF  MINING   WITH   PERMISSIBLE   EXPLOSIVES. 

In  a  certain  coal  field,  black  blasting  powder,  which  was  said  to  cost 
costof  biaekpow-  ^^  Operator  S0.95  or  more  per  keg  of  25  pounds,  was 
*^'  sold  to  the  miner  at  an  agreed  price  of  J1.75  per  keg- 

In  some  coal  mines,  especially  those  in  which  coal  is  shot  off  the 
soUd  and  large  quantities  of  powder  are  used  daily,  the  profit  on  the 
powder  is  considerable.  Consequently,  operators  do  not  care  to 
change  from  black  blasting  powder  and  lose  the  profit  on  it.  A 
way  of  adjusting  this  difference  when  a  change  is  made  to  permissi- 
ble explosives  is  to  find  out  the  cost  of  powder  for  each  ton  of  coal 
produced  and  to  charge  the  permissible  explosives  to  the  miner  at 
this  rate,  allowing  for  the  difference  in  quantity  needed  to  do  the 
same  work. 

The  price  that  the  operator  pays  for  the  permissible  explosives  he 
coftofpendiisibto  fumishes  the  miner  varies  from.  12  to  14  cents  per 
cK^oiivM.  pound.     It  is  said  that  as  a  rule  no  profit  has  been 

made  by  the  operator  from  selling  these  explosives,  because  the  price 
charged  the  miner  has  been  just  enough  to  cover  the  wholesale  price 
the  operator  paid  and  the  expense  of  handling. 

The  miner  usually  has  to  pay  0.5  cent  per  foot  for  fuse  and  0.5 
ooit  of  datoiui^  ^  0-75  cent  each  for  detonators.  Where  elec- 
***^  trie  detonators  are  used  it  has  been  the  practice  for 

the  operator  to  furnish  them  to  the  miner  free.  These  detonators 
cost  from  3  to  5  cents  each,  the  price  depending  on  the  strength  of 
the  detonating  composition  and  the  length  of  the  wires.  One  com- 
pany that  worked  a  coal  bed  about  7  feet  thick  and  used  electric 
detonators  to  fire  the  shots,  reported  that  the  cost  of  detonators  was 
3.5  cents  for  each  shot.  The  cost  for  permissible  explosives  at  the 
mine  was  1.75  to  2  cents  for  each  ton  of  run-of-mine  coal  produced. 
The  daily  output  was  800  tons  and  the  company  paid  each  of  the 
four  snot  firers  it  employed  $2.75  per  shift. 

According  to  information  received  by  Grovemment  ofiicials  from 

other  districts  where  the  cost  of  using  permissible 
biJ^^wder^and  ^xplosives  has  been  carefully  kept,  there  is  little  if 
j^niiJbie  0xpio-  any  difference  in  the  cost  of  blasting  a  ton  of  coal, 

whether  permissible  explosives  or  black  powder  are 
used.  It  is  true  that  the  comparison  is  based  on  different  conditions; 
the  figures  for  black  powder  were  for  mines  where  miners  were  load- 
ing and  firing  charges  in  a  wasteful  manner,  whereas  those  for  per- 
missible explosives  were  from  mines  where  shot  firers  were  employed 
and  the  explosives  were  used  in  an  inteUigent  way. 

Records  kept  by  another  company  show  that  the  use  of  permissible 
explosives  sUghtly  increases  the  blasting  cost  per  ton  of  coal  pro- 
duced, but  the  comparison  with  black  blasting  powder  was  made 
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^hen  the  loading  and  firing  of  powder  and  of  permissible  explosives 
were  done  by  shot  firers. 

In  one  mine  that  used  nothing  but  black  blasting  powder  and 
employed  shot  firers  during  the  year  1909,  the  average  cost  of  blast- 
ing, including  the  cost  of  squibs  and  the  wages  of  the  shot  firers,  was 
3.15  cents  for  each  ton  of  coal  produced.  The  cost  varied  from  5.4 
cents  in  March  to  2.7  cents  in  August.  The  cost  of  shot  firing  aver- 
aged 1.1  cents  per  ton  of  coal.  In  the  same  district,  in  another  mine, 
which  used  permissible  explosives  during  1909,  the  average  cost  of 
blasting,  including  the  cost  of  electric  detonators  and  the  wages  of 
the  shot  firers,  was  3.3  cents  per  ton  and  the  average  cost  of  shot 
firing  was  1.22  cents  per  ton. 

Before  permissible  explosives  leave  the  factory  they  are  put  in 

cartridges  having  a  heavy  paper  wrapper  that  is 

Improper  handli&c  i        i  ^  \  0  1 

AAd  cAre  of  pezmto-  made  almost  water  and  weather  proof  by  a  coatmg 

of  parafiin  or  a  similar  substance.  If  the  cartridges 
are  carelessly  handled,  the  paraffin  coating  may  be  broken;  air  and 
moisture  can  then  act  on  the  explosive  so  that  it  will  lose  strength 
and  finally  have  no  explosive  power  at  all.  Long  exposure  to  the 
moist  air  of  the  mines  or  contact  with  water  will  also  weaken  and 
spoil  the  explosive,  even  though  the  paper  cover  is  not  broken. 

MISUSE    OF    PERMISSIBLE   EXPLOSIVES. 

At  the  mines  they  visited  the  writers  saw  a  number  of  instances  of 

the  misuse  of  permissible  explosives.  The  most  com- 
mon  form  of  misuse  was  the  overloading  of  holes. 
This  happened  mostly  at  mines  where  miners  fired  their  own  shots 
and  regular  shot  firers  were  not  employed.  A  miner  tries  to  bring 
down  the  coal  completely  without  doing  any  more  pick  work  than  he 
has  to,  so  he  uses  more  explosive  than  is  necessary.  A  shot  firer, 
on  the  other  hand,  generally  tries  to  get  the  maximum  proportion  of 
lump  coal,  and  so  uses  only  enou^^fh  explosive  to  bring  down  the  coal. 
For  this  reason  a  better  quality  of  coal  is  had  by  employing  shot  firers 
than  by  allowing  miners  to  charge  and  fire  shots. 

Another  bad  practice,  said  to  exist  at  some  mines  using  shot  firers, 

is  the  insertion  of  small  quantities  of  explosives  in 
the  back  of  holes  before  the  arrival  of  the  shot  firer 
and  without  his  knowledge.  The  miner  may  do  this  to  hide  the  fact 
that  the  hole  has  been  drilled  into  the  solid  and  beyond  the  mining, 
or  he  may  do  it  to  insure  the  charge  being  large  enough  to  satisfy 
him.  However,  the  practice  is  most  dangerous,  and  can  not  be  con- 
demned too  strongly.  At  least  one  instance  is  on  record  of  a  miner 
putting  dynamite  into  a  drill  hole  that  was  to  be  charged  with  a  per- 
missible explosive.  In  this  instance,  as  was  to  be  expected,  the  shot 
gave  a  dangerously  long  flame,  and  an  ignition  and  a  fire  resulted. 
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The  offense  that  miners  commit  most  often  is  to  bring  a  naked  lamp 
icniting  rai  by  a  ^^  contact  with  the  gases  liberated  or  given  off  by  the 
BAkediamp.  explosion  of  permissible  explosives  (see  p.  23).    Owing 

to  the  fact  that  these  explosives  when  properly  used  make  little 
or  no  smoke,  the  miner  is  tempted  to  return  to  the  face  immediately 
after  a  shot ;  and  usually  he  does  so.  especially  if  he  smells  no  offen- 
sive fumes.  Then  his  naked  lamp  may  ignite  the  gases  from  the 
explosive  and  those  liberated  from  the  coal.  Tests  in  certain  coal 
mines  have  shown  (see  p.  23)  that  it  is  possible  to  ignite  the  gases 
from  a  crevice  in  the  face  after  a  shot  of  either  a  permissible  explo- 
sive or  black  blasting  powder.  Analyses  of  the  crevice  gases  seem  to 
prove  that  most  of  the  inflammable  gases  found  after  shots  come  from 
the  coal.  A  coal  that  contains  much  volatile  matter  may  easily  take 
fire  from  the  ignition  of  crevice  gas,  and  such  face  fires  after  they  get 
a  good  start  are  very  hard  to  put  out. 

ADVANTAGES  OF  PERMISSIBLE  EXPLOSIVES. 

One  of  the  most  important  advantages  to  be  gained  by  using  per- 
Leaaened  riik  of  Hiissible  cxplosives  is  the  exemption  from  mine  fires. 
*"■  If  the  explosives  are  properly  employed,  ignitions  of 

gas  or  coal  seldom  happen. 

In  many  mines  working  a  high  volatile  coal  that  gives  off  consider- 
"Ptre  nmneri"  un-  ^^^^  S^^  ^^^  produces  large  quantities  of  fine  dust  it 
aeoMtaxy.  j^g^g  been  necesary  to  employ,  with  every  two  shot 

firers,  a  miner  or  *'fire  runner''  to  follow  and  put  out  any  fires  caused 
by  shots.  This  procedure  was  discontinued  when  permissible  explo- 
sives were  adopted.  However,  it  is  good  practice  to  examine  the 
face  after  a  blast,  no  matter  what  explosive  is  used. 

Another  important  advantage  is  lessened  damage  to  the  roof.  In 
Lesi  (Umage  to  blasting  coal  that  has  been  undercut  it  is  not  neoes- 
'^^'  sary  to  give  the  drill  holes  as  much  lift  for  permis- 

sible explosives  as  for  black  powder.  The  holes  for  the  latter,  in  order 
to  shoot  the  coal  to  best  advantage,  must  usually  have  considerable 
*^lift";  as  a  result  they  are  often  driven  into  the  roof  coal  or  slate, 
w^hich  is  so  shattered  by  the  blast  that  close  timbering  is  necessary. 
But  permissible  explosives  seem  to  throw  down  the  coal  well  and  to 
give  a  good  proportion  of  lump  coal  if  the  holes  are  almost  horizontal. 
Fired  in  such  holes  the  permissible  explosives  appear  to  work  out 
along  the  joints  and  the  bedding  planes  of  the  coal  instead  of  striking 
up  into  the  roof  or  slate — provided,  of  course,  that  in  placing  the 
holes  proper  advantage  was  taken  of  slate  bands  or  partings  in  the 
coal  bed.  Consequently  if  head  coal  is  to  be  left  for  a  roof,  these 
explosives  enable  the  miner  to  keep  this  roof  smooth^  firm,  and 
unbroken,  so  that  less  timber  is  required  to  support  it.     In  one  mine 
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that  was  leaving  top  coal  in  place;  the  change  from  black  powder  to 
permissible  explosives  did  away  with  the  need  of  employing  a  regular 
timberman. 

Charges  of  pennissible  explosives  can  be  and  generally  should  be 

placed  1  or  2  feet  from  the  ribs  and  will  still  bring 
down  the  coal.  In  some  coal  fields  the  nbs  are  cut 
much  cleaner  by  such  shots  of  permissible  explosives  than  they 
can  be  cut  by  shots  of  black  powder.  In  one  mine  the  replacing 
of  black  powder  by  a  permissible  explosive  increased  the  yield  for 
each  cut  IJ  tons  because  of  the  trimming  effect  of  the  permissible 
explosive. 

On  the  other  hand,  if  a  hole  for  a  permissible  explosive  is  drilled 
Pew«r  tdown-out  ^oo  deep  on  the  soUd,  the  explosive  uses  up  its  strength 
■^^^  in  making  a  cavity  at  the  back  of  the  hole  without 

breaking  down  the  solid  coal.  If  charges  of  black  blasting  powder 
are  fired  in  such  deep  holes,  blown-out  shots  often  result,  but  with 
permissible  explosives  blown-out  shots  are  rare  and  are  not  accom- 
panied by  flame. 

If  rightly  used,  permissible  explosives  do  not  scatter  the  coal  over 

Leu      ttorin   of  ^^^  ^^^*  where  it  is  lost,  nor  do  they  displace  props, 
co«i-  as  frequently  results  from  the  use  of  black  powder. 

When  coal  properly  undermined  is  blasted  with  permissible  explo- 
sives, it  is  not  thrown  out  nor  much  displaced,  but  is  merely  dropped 
in  its  bed,  although  it  is  generally  broken  up  enough  to  be  easily 
loaded. 

Another  advantage  of  permissible  explosives,  when  properly  used, 

Fewer  air  biatti  ^  ^^^^  ^^e  shots  do  not  give  as  heavy  shocks  to  the 
and  windy  ihott.  mine  air  as  do  shots  of  black  blasting  powder.  Conse- 
quently, brattice,  doors,  and  stoppings  are  not  subjected  to  air  blasts 
as  strong  as  those  often  felt  when  black  powder  is  used.  Still  another 
advantage  is  that  it  becomes  easy  to  get  men  to  act  as  shot  firers, 
because  there  are  no  windy  shots  and  little  danger  of  dust  explosions. 
The  permissible  explosives  are  cleaner  and  much  more  convenient 
to  use  and  handle  than  black  powder;  moreover,  they  can  be  prepared 
and  fired  much  more  quickly.  If  rightly  used,  they  do  not  scatter 
coal  nor  dislodge  timbers,  and  thus  they  make  the  working  places 
safer;  moreover,  they  greatly  reduce  the  danger  of  starting  explor 
sions.  Permissible  explosives  also  save  time,  because  they  do  not 
make  smoke  and  the  miner  can  more  readily  examine  the  roof  after 
a  blast. 

A  chaise  of  a  permissible  explosive  takes  up  only  about  one-half  the 
space  that  a  charge  of  black  blasting  powder  heavy  enough  to  do  the 
same  work  would  occupy;  hence  for  the  same  depth  of  hole  much 
more  stemming  can  be  used  with  a  permissible  explosive  than  with 
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the  black  blasting  powder  and  there  is  a  reduction  to  a  minimum  of 
tendency  to  blow  out  stemming.  This  is  another  reason  why  the  use 
of  permissible  explosives  tends  to  do  away  with  blown-out  shots,  and 
thus  greatly  increases  the  safety  of  every  person  in  a  coal  mine. 

Still  another  advantage  connected  with  the  use  of  some  permissible 

explosives  is  the  ease  with  which  they  can  be  used  in 

wet  or  damp  holes.     In  shooting  off  the  soUd  in  thick 

coal  beds  some  bottom  holes  may  be  so  wet  that  they  can  not  be 

fired  with  black  powder.     In  one  mine  that  was  visited,  permissible 

explosives  were  successfully  used  to  shoot  such  wet  bottom  holes. 

In  blasting  coals  that  contain  much  volatile  matter  or  gas  the 

Neoessary  In  ffEM-  ^^e  of  permissible  explosives  is  absolutely  necessary. 

oni  mines.  jj^  such  mines  black  powder  or  dynamite  may  ignite 

bodies  of  fire  damp  in  the  advance  working  places  or  strong  feeders  of 

gas  at  the  face.     Permissible  explosives  give  such  short,  quick  flames 

that  if  the  coal  is  undercut  and  the  holes  are  properly  placed  and 

charged,  the  chance  of  igniting  gas  is  reduced  to  a  minimum. 

In   two   important   and  widely  separated   coal-mining   districts, 

southern  Illinois  and  Oklahoma,  permissible  explo- 

Ratnlts  of  nM  In      .  ,    ^  .       ^    •        i   .    .  i    •        • 

Oklahoma    and  sives  are  uscd  to  some  extent  m  dnving  entnes  m 

beds  that  give  off  considerable  gas  and  in  which  the 
coal  13  so  brittle  that  it  makes  much  fine  dust.  The  permissible 
explosives  are  used  in  the  entries  and  in  some  mines  in  the  rooms  as 
well.  Before  the  permissible  explosives  were  tried,  the  coal  was 
set  on  fire  nearly  every  day  through  the  ignition  of  gas  feeders,  but 
since  the  permissible  explosives  have  been  used  no  such  fires  have 
been  reported. 

Permissible  explosives  are  used  in  several  districts  to  blast  coal  off 
TXseforbiaatingofl  the  solid.  Such  usc  is  reported  to  be  successful  in 
the  soUd.  certain  mines  in  Alabama,  but  as  a  rule  does  not  give 

nearly  as  good  results  as  when  the  coal  has  been  undermined.  The 
coal  is  usually  more  broken  up  than  it  would  be  if  undercut  before 
shooting,  and  the  necessarily  larger  charges  of  explosives  tend  to 
weaken  the  roof  and  to  increase  the  danger  of  roof  falls. 

One  of  the  most  important  advantages  of  the  use  of  permissible 

explosives,  if  properly  fired  in  suitably  prepared  drill 

Absence  of  imoke.    .     f       .        '       f  Vf  i  t^  •      x  i       p  .t 

holes,  is  the  absence  of  smoke.  If  just  enough  of  the 
permissible  explosive  is  used,  little,  if  any,  smoke  is  produced.  This 
feature  is  especially  important  in  mines  where  the  roof  is  bad.  The 
ventilating  current  is  not  fouled  by  large  quantities  of  dense  smoke, 
as  is  the  case  when  black  powder  is  employed,  and  sUps  or  cracks  in 
the  roof  can  be  more  easily  and  quickly  seen.  However,  the  chaise 
must  be  properly  fired ;  otherwise  noxious  gases  may  be  given  off  and 
those  may  have  disagreeable  or  even  dangerous  effects  upon  the 
miner. 
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Miners  frequently  complain  of  the  fumes  given  off  from  shots  of 

Fnmei  from  p«r-  permissible  explosives,  but  in  the  many  mines  using 
misubie  ezpiosivei.  ^hese  explosives  that  were  visited  by  the  writers  of 
this  bulletin  fumes  seemed  to  give  little  or  no  trouble.  In  none 
of  the  places  examined  did  the  fumes  from  blasts  cause  discomfort. 
If  the  ventilating  current  is  brought  directly  up  to  the  working  face, 
no  discomfort  should  be  caused  by  shots  of  permissible  explosives, 
if  these  explosives  are  properly  used.  This  advantage,  however, 
leads  to  a  risk  in  their  use,  since  the  miner  is  tempted  to  go  back  to 
the  face  as  soon  as  a  shot  is  fired.  This  is  a  very  dangerous  thing 
to  do,  no  matter  what  kind  of  an  explosive  is  used,  and  should  be 
strictly  forbidden. 

If  the  coal  is  properly  undercut  or  sheared  and  a  charge  of  IJ 

Qiuuitity  of  poi-  pounds  to  a  hole  has  not  been  exceeded,  the  quantity 
aoBoaigaaef.  ^j   poisonous    gases    produced    by    the    permissible 

explosive  itself  is  so  small  that  it  is  of  little,  if  any,  consequence.     It 
is  easy  to  understand  why  the  gases  should  not  be  troublesome  if 
one  remembers  that  the  volume  of  gases  produced  by  firing  1  i  pounds 
of  an  explosive  is  soon  diluted  by  several  thousand  cubic  feet  of  air. 
Black  blasting  powder  containing  Chile  saltpeter,  and  permissible 

Fnmei  from  black  ©xplosivcs  of  each  of  the  four  classes  that  have  been 
powder.  mentioned  (p.  9)  were  tested  by  firing  shots  in  coal 

mines.  Electric  detonators  strong  enough  to  cause  complete  detona- 
tion were  used.  The  charges  of  permissible  explosives  varied  from 
13  to  24  ounces.  Samples  of  air  were  taken  near  the  face  before  eacli 
shot,  and  at  the  same  place  at  intervals  of  20  seconds,  2  minutes,  and 
4  minutes  after  the  shot.     To  ascertain  the  quantity  of  harmful  gases 

oaiesremaiiiiiigiii  ^^at  remained  in  badly  ventilated  places  the  experi- 
■***••*'•  ments  were  tried  in  working  places  ahead  of  the  air, 

generally  in  blind  entries.  None  of  the  samples  of  tlie  mine  air  taken 
immediately  after  the  blasts  of  the  different  explosives  was  found 
to  contain  more  than  a  trace  of  any  poisonous  gas. 

However,  although  the  samples  of  air  collected  immediately  after 

GftMs  from  cE0f-  blasts  of  the  different  cxplosives  did  not  contain  meas- 
**•■•  urable  quantities  of  poisonous  gas,  yet  in  all  the  mine 

tests  of  explosives,  samples  of  the  gases  taken  immediately  after  blast- 
ing from  tlie  crevices  made  in  the  coal  by  the  shot  contained  large 
quantities  of  poisonous  or  inflammable  gas.  Because  these  gases 
escape  from  the  face  slowly,  a  miner  should  never  return  at  once  to 
the  face  after  a  blast,  but  should  always  wait  at  least  five  minutes. 
It  is  known  that  tlie  gases  continue  to  come  from  the  crevices  for 
several  minutes  after  a  shot.  They  mix  with  and  are  diluted  by  the  air 
of  the  working  place.  Analyses  of  crevice  samples  also  show  that  in 
non-gaseous  bituminous  coal  mines  8  to  27  per  cent  of  inflammable  gas, 
largely  methane  (CHJ,  is  formed  with  each  shot  of  an  explosive;  this 
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gas  is  believed  to  come  from  the  pores  of  the  coal,  whence  it  is  forced 
or  drawn  by.  the  explosion  of  the  charge. 

Analyses  of  samples  of  air  collected  after  shots  in  mines  also  show 
_  that  more  of  that  poisonous  gas,  carbon  monoxide,i)r 

Proportion  of  car-  ...  . 

bon  monoxide  In  white  damp,  is  formed  in  blasting:  coal  than  is  formed 

by  exploding  equal  charges  of  the  same  explosives  in 
the  pressure  gage  used  to  test  explosives  at  the  Pittsburgh  station. 
Part  of  the  extra  carbon  monoxide  is  believed  to  come  from  the 
ignition  by  the  explosive  of  fine  coal  left  in  the  drill  hole  and  part 
from  the  coal  itself.  Explosives  that  produced  no  carbon  monoxide 
when  exploded  in  the  pressure  gage  always  produced  some  carbon 
monoxide  in  the  tests  in  coal  mines,  and  those  that  yielded  a  relatively 
high  percentage  of  carbon  monoxide  in  the  tests  in  the  pressure  gage 
gave  a  correspondingly  large  yield  in  the  mine  tests. 

A  typical  analysis  of  the  gases  collected  from  a  crevice  at  the  face  20 
oaaei  from  black  sccouds  after  a  shot  of  black  blasting  powder  contain- 
biaating powder.  jj^  Chile  saltpeter  is  given  below;  allowance  is  made 
for  the  air  mixed  with  the  gases  and  for  the  same  percentage  of 
methane  that  was  in  the  gases  resulting  from  the  explosion  of  the 
powder  in  the  pressure  gage. 

Gases  frorm  a  shot  of  black  blasting  powder. 

Percent 

Carbon  dioxide  (CO2) 19. 2 

Carbon  monoxide  (CO) 28. 1 

Oxygen  (Og) 0 

Hydrogen  (Ho) 10. 0 

Methane  (CHJ 6 

Hydrogen  sulphide  ((HgS) 6.  8 

Nitrogen  (Nj) 36.  3 

The  analysis  shows  that  the  poisonous  gases  (carbon  monoxide 
and  hydrogen  sulphide)  generated  by  this  black  blasting  powder  form 
34.9  per  cent  of  the  whole  volume  of  the  gases  produced. 

A  typical  analysis  of  the  gases,  taken  under  the  conditions  above 

Gaieifrompermiii-  referred  to,  from  a  permissible  explosive  that  gave 

Bible  ezpioatvea.         jj^  mine  tests  the  largest  proportion  of  poisonous  gases, 

is  as  follows: 

Gases  from  a  shot  of  a  permissible  explosive. 

Per  cent. 

Carbon  dioxide  (CO2) 26.  7 

Carbon  monoxide  (CO) 36. 4 

Oxygen  (Oj) 0 

Hydrogen  (Hj) : 14.  2 

Methane  (CHJ 1.  4 

Hydrogen  sulphide  (HgS) 0 

Nitrogen  (N2) 21.3 
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A  typical  analysis  of  the  gaseous  products  of  a  permissible  explo- 
sive that  gave  the  smallest  proportion  of  harmful  gases  in  the  field 
tests  and  did  not  give  any  carbon  monoxide  in  the  gage  tests  is  as 
follows: 

GQ»€9from  a  shot  of  a  permissible  explosive. 

Percent. 

Carbon  dioxide  (COj) 18. 0 

Carbon  monoxide  (CO) 6. 4 

Oxygen  (Oj) 0 

HydrogenCHj) 8.2 

Methane  (CH4) 5 

Hydrogen  sulphide  (H2S) ! 0 

Nitrogen  (Nj) 66. 9 

Many  samples  of  gas  were  taken  from  crevices  made  in  the  coal 
by  shots  of  different  explosives,  and  these  samples  were  analyzed. 
The  analyses  show  (after  allowance  is  made  for  the  air  in  the  sample 
and  for  the  proportion  of  methane  found  by  tests  in  the  pressure 
gage)  that  the  gas  from  crevices  after  blasts  with  various  permissible 
explosives  contained,  on  an  average,  19.5  per  cent  of  carbon  mon- 
oxide. 

The  results  of  these  mine  experiments  indicate  that  the  gases  from 

the  explosion  of  any  of  the  explosives  tested  are  mixed 
on  poiaoBous  and  with  the  gases  that  come  from  the  coal  itself  and 

that  the  mixtures  formed  are  extremely  poisonous 
and  inflammable.  Since  these  gas  mixtures  are  inflammable,  it  is 
easy  for  a  miner  to  ignite  them  by  holding  an  open  flame  to  a  crevice 
just  after  a  shot.  To  ignite  crevice  gas  in  this  way,  however,  is  a 
most  dangerous  practice  and  should  be  strictly  forbidden. 

The  experiments  in  mines  showed  also  that  four  minutes  after  a 
shot  the  greater  part  of  the  crevice  gases  had  passed  into  the  mine  air 
and  were  so  diluted  that  measurable  quantities  of  them  could  not  be 
found  in  the  samples  of  mine  air  collected. 

All  of  the  mine  tests  just  mentioned  were  made  in  the  Pittsburgh 
district.  The  coal  had  been  properly  undercut  and  only  enough 
explosive  to  do  the  work  was  used  for  each  shot.  If  the  charges  of 
permissible  explosives  are  heavier  than  they  need  be,  it  is  reasonable 
to  suppose  that  harmful  gases  in  quantities  sufficient  to  be  injurious 
to  the  health  of  the  men  employed  may  be  given  off.  The  remedy, 
of  course,  is  not  to  stop  using  permissible  explosives,  but  to  use  smaller 
charges. 

The  facts  gathered  by  the  writers  make  it  clear  that  if  all  coal  mines 

in  this  country  would  stop  using  black  blasting  pow- 
ttnn  make  mining  dcr  and  would  use  permissible  explosives  instead,  the 

pleajanterandiafer.  i  i    /?     j    .1     •  11  ^  j        # 

miners  would  tind  tneir  work  pleasanter  and  safer. 
Of  course,  the  explosives  would  have  to  be  used  properly  and  would 
have  to  be  fired  so  that  their  detonation  would  be  complete.  In  other 
words,  the  coal  would  have  to  be  undercut  and  the  shots  charged  and 
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fired  by  shot  firers  who  use  electric  detonators.  Unless  they  are  prop- 
erly used  permissible  explosives  will  not  give  the  best  results  and  may 
yield  dangerous  quantities  "of  noxious  or  inflammable  gases. 

EXAMPLES   OF  GOOD  PRACTICE  IN  THE  USE  OF  PER- 
MISSIBLE EXPLOSIVES. 

The  writers,  in  their  examination  of  mines  that  use  permissible 
explosives,  noted  various  features  of  practice.  Some  features  that 
seemed  particularly  good  will  be  described  here. 

In  one  large  mine  the  headings  were  driven  10  feet  wide  and  the 

rooms  20  feet  wide,  leaving  room  pillars  40  feet  thick. 
The  coal  was  strong;  the  bed  was  about  8  feet  thick 
and  had  a  fairly  good  shale  roof.  In  most  places  8  to  12  inches  of  top 
or  head  coal  was  left  to  support  tliis  roof. 

The  coal  in  headings  and  rooms  was  undermined  by  chain  breast 
machines.     The  rooms  were  six  runs  wide  and  the  headings  were  tluree 
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Figure  1.— A  proper  arrangement  of  holes  In  a  heading  with  ooal  undercut.    A,  front  view;  B,pIaD;  C, 

side  view. 

runs  wide.  The  undercut  was  about  4  inches  high  and  6  to  7  feet 
deep. 

In  most  places  the  headings  were  shot  by  three  holes,  charged  with 
a  permissible  explosive  of  the  ammonium-nitrate  class.  The  holes 
were  placed  in  the  following  manner: 

A  ^^ block"  hole  3  to  4^  feet  deep  was  started  about  3  feet  from  the 
floor  and  driven  parallel  to  and  but  a  few  inches  from  the  right  rib. 
It  was  usually  pointed  downward  at  an  angle  of  3*^  to  6°  with  the 
liorizontal. 


FACE  OF  A   10-POOT  HEADING  WITH  THE  "BLOCK"  HOLE  AND  THE  RIGHT  RIB  HOLE 


T   HEADING  AFTER  T 


B  HOLES.     COAL  F 


S  WERE  FIBED. 


THE  USE  OF  PERMISSIBLE  EXPLOSIVES. 


27 


Two  rib  holes  were  driven;  one  was  6  feet  in  depth  and  a  few  inches 
from  and  parallel  to  the  right  rib ;  the  other  was  6  feet  in  depth  and  a  few 
inches  from  and  parallel  to  the  left  rib.  These  two  holes  were  placed 
like  the  right  rib  hole  shown  in  Plate  I,  A;  they  were  started  6  to  18 
inches  from  the  upper  comer  and  were  pointed  upward  at  an  angle  of 
10°  to  15°  with  the  horizontal.  Plate  I,  A,  shows  a  view  of  the  face 
of  a  heading  10  feet  wide  with  the  *' block"  hole  and  the  right  rib 
hole  drilled. 

The  ^' block"  hole  was  fired  first  and,  as  a  rule,  yielded  a  much 
smaller  quantity  of  lump  coal  than  the  other  holes.  (See  PI.  I,  B.) 
The  usual  charge  was  one  and  one-half  to  two  sticks  (0.75  to  1  pound) 
of  the  permissible  explosive.  When  the  coal  from  the  ''block"  shot 
was  loaded  out  (see  PI.  II,  A),  the  rib  shot  over  it  was  fired.  An 
ordinary  charge  for  the  rib  holes  was  from  one  and  one-half  to  two  and 
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FiouBE  2.— A  proper  arrangement  of  holes  In  room  with  coal  undercut.    A,  front  view;  B,  plan;  C, 

side  view. 

one-half  sticks.     Immediately  after  this  shot  and  before  the  coal  from 
the  first  rib  shot  was  loaded  out  the  other  rib  shot  was  fired.     Plate 

II,  Bj  shows  the  results  of  firing  the  rib  shots.     Figure  1  shows  the 
arrangement  of  shot  holes  in  headings. 

The  rooms  were  20  feet  wide  and  were  usually  widened  out  on  one 

side;  the  coal  was  undercut  to  a  depth  of  6  feet. 
Four  holes  (PI.  Ill,  Aj  and  fig.  2)  were  used  to  shoot  the 
rooms:  one  '^ block"  hole,  one  '^breaker,"  and  two  rib  holes.     Plate 

III,  A,  shows  the  coal  face  and  arrangement  of  drill  holes  and  figure  2 
shows  the  lengths  and  angles  of  the  holes. 

Tlie  block  hole  was  drilled  to  a  depth  of  3  to  4  feet  either  horizon- 
tally or  pointing  downward  at  an  angle  of  3°  to  5*^.  This  hole  was 
started  at  about  the  center  of  the  room  and  4  to  4^  feet  above  the 


Drtvlnff  rooma. 


28  THE  USE   OF  PERMISSIBLE  EXPLOSIVES. 

floor;  it  was  driven  parallel  to  the  ribs.  The  charge,  two  to  three 
sticks  of  explosive,  was  fired  after  just  enough  of  the  ^'bugdust "  made 
by  the  mining  machine  had  been  loaded  out  to  clear  the  shot. 

The  breaker  hole  was  6  feet  in  depth.  It  usually  started  about  2 
feet  above  the  block  hole  and  8  to  10  inches  from  the  roof,  extended 
upward  at  an  angle  of  10°  to  15°,  but  parallel  to  the  ribs,  and  ended  at 
the  roof  coal,  8  to  10  inches  of  which  was  left  in  place.  The  breaker 
shot  was  not  fired  untU  the  coal  yielded  by  the  block  shot  had  been 
entirely  loaded  out.  Generally  one  and  one-half  to  two  and  one-half 
sticks  sufficed  for  the  breaker  shot,  and  as  the  coal  was  left  free  by 
the  removal  of  coal  brought  down  by  the  block  shot  the  coal  yielded 
by  the  breaker  was  of  good  quality.  Plate  III,  B,  shows  the  face 
after  the  coal  from  the  block  shot  had  been  loaded  out  and  previous 
to  firing  the  breaker  shot.  Plate  IV,  J.,  shows  the  shot  firer  and  the 
miner  charging  the  breaker  shot. 

Sometimes  a  little  shearing  was  done  by  the  miner  just  after  the 
coal  from  the  breaker  shot  had  been  loaded  out  and  previous  to  firing 
the  rib  shots.  This  shearmg  freed  the  rib  shots  which,  charged  with 
two  to  two  and  one-half  sticks  each,  were  fired  one  immediately  after 
the  other.  These  shots  usually  yielded  the  best  coal  from  the  face, 
as  they  were  entirely  free.  Plate  IV,  B,  shows  the  face  before  the  rib 
shots  were  fired,  and  Plate  V,  A,  shows  the  face  after  firing. 

If  the  block  and  breaker  shots  were  not  exactly  in  the  center  of  the 
room  or  not  parallel  to  the  ribs,  one  of  the  rib  shots  was  usually 
smaller  than  the  other.  The  firing  was  done  entirely  by  shot  firers 
who  patrolled  the  working  places  and  fired  the  shots,  at  the  request  of 
the  miner,  by  means  of  magneto  firing  machines.  No  shot  was  fired 
until  the  working  place  was  properly  timbered,  and  no  holes  were  fired 
that  were  driven  any  distance  on  the  solid.  A  coil  of  double  No.  18 
leading  wire  75  to  100  leet  long  was  used  to  carry  the  electric  current 
from  the  battery  to  the  face.  Electric  detonators  with  8-foot  legs 
were  used  to  detonate  the  charge.  They  cost  4  cents  each.  One  shot 
firer  was  employed  for  approximately  each  300  tons  of  daily  output. 
The  miners  worked  singly  in  rooms  and  headings.  The  company  hired 
the  shot  firers  and  furnished  the  electric  detonators.  The  miners  fur- 
nished the  explosives,  which  cost  them  14  cents  per  pound.  The  shot 
firer  generally  tamped  and  fired  each  shot  in  three  to  four  minutes' 
time. 

In  the  mine  cited  on  page  26,  moist  yellow  clay  was  used  for  stem- 
ming. This  clay  was  obtained  outside  the  mine, 
brought  into  the  workings  on  mine  cars,  and  placed 
at  convenient  points  along  the  headings.  Another  mine  using  per- 
missible explosives  employed  the  fire  clay  taken  from  the  floor  in  the 
mine.  In  both  mines  the  clay  was  formed  into  ^'dummies,"  or  clay 
cartridges,  by  wrapping  paper  around  a  cartridge  stick  and  filling  the 
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case  with  moist  clay.  These  dummy  cartridges  were  10  to  12  inches 
in  length  and  about  1 J  inches  in  diameter.  It  was  customary  for  the 
miner  to  have  the  explosive  and  ''dummies"  ready  at  the  working 
face  when  the  shot  firer  made  his  round  of  the  places. 

A  round  wooden  stick,  li  inches  in  diameter  and  7  feet  in  length, 
was  used  to  tamp  the  powder  and  stenmiing. 

The  drill  holes  varied  in  diameter  from  If  to  2^  inches.     They  were 

sise  and  poaiuon  drilled  to  the  depth  of  the  mining  and  no  farther, 
of  driu  holes.  ^^  y^^^,]^  ^j  ^]^  j^^j^  ^^^.^  driven  horizontally 

whenever  they  could  be,  because  the  shots  in  the  flat  holes  "cut  out" 
horizontally,  yielded  better  lump  coal,  and  did  not  "cut  up"  into  the 
roof  coal  as  much  as  did  those  in  inclined  holes. 

ELECTRIC  FIRING  OF  SHOTS. 

As  a  result  of  eflForts  to  make  the  firing  of  shots  in  coal  mines  safer, 
systems  of  firing  by  electricity  have  been  developed.  These  systems, 
in  the  best  practice,  require  that  all  men  shall  be  out  of  the  mine 
before  any  shots  are  fired.  The  essential  features  of  a  good  electrical 
firing  system  are  as  follows: 

The  mine  is  wired  with  rubber-covered  wires  laid  in  parallel  in 
Ama^anmit  of  Order  that  one  defective  shot  may  not  prevent  others 
^'*""*  from  being  fired.     On  the  main  entries  No.  6  rubber- 

covered  wire  is  used,  on  the  cross  entries  No.  10  or  No.  12,  and  in  the 
rooms  No.  14  wire.  These  wires  are  hung  from  props  or  from  plugs 
set  in  the  roof.  At  the  mouth  of  each  cross  entry  there  is  placed  a 
locked  box  in  which  there  is  a  single-pole  double-throw  switch  that  is 
arranged  to  open  downward  to  avoid  accidental  contact  by  falling. 
A  similar,  though  smaller,  switch  is  in  some  mines  placed  at  the  mouth 
of  each  room,  or  else  the  room  wire  is  connected  to  the  wire  on  the 
cross  entry  without  the  use  of  a  switch.  At  the  mouth  of  the  mine 
there  is  a  shot-firing  cabin  in  wliich  a  100-ampere,  two-pole,  single- 
throw  switch  is  placed.  There  is  a  similar  switch  of  the  same  size  in 
the  power  house.  Tliis  plan  insures  that  there  shall  always  be  at 
least  three  open  switches  between  the  mine  and  the  power  house  when 
the  shot  is  being  connected  up. 

Figure  3  illustrates  tlie  arrangement  of  shot-firing  wires  in  a  mine 
room.  Plate  V,  B,  shows  a  model  of  the  same  wiring  placed  outside 
the  mine. 

The  operation  of  the  system  is  as  follows;  Every  employee  in  the 
Operation  of  lyi-  Hiine  is  given  a  brass  check  with  his  number  stamped 
*^'  upon  it.     Upon  entering  the  mine  he  hangs  his  check 

upon  a  check  board  in  the  shot-firing  cabin.  This  board  has  painted 
upon  it  numbers  wliich  correspond  to  the  numbers  on  the  checks,  and 
each  check  is  hung  over  the  proper  number.     No  one  is  allowed  to 
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FiauRX  3.— A  proper  arrangement  of  shot-firing  wires  in  a  mine  room. 
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enter  the  mine  unless  he  has  previously  hung  up  liis  check  on  the 
check  board. 

Usually  the  miners  are  allowed  a  certain  maximum  number  of  shots 
for  each  working  place — generally  three.  The  coal  is  undercut  in 
most  places,  and  permissible  explosives  are  used.  Special  shot  firers 
go  through  the  mine  during  the  day  examining  the  shots  as  they  are 
beiog  prepared  by  the  miner  and  distributing  the  electric  detonators. 
In  some  instances  the  miner  tamps  the  shots  himself;  in  others  the 
shots  are  tamped  by  the  special  shot  firers.  If  the  miner  tamps  the 
shots,  he  connects  the  detonator  legs  sticking  out  of  the  shot  hole 
to  the  No.  14  wire,  which  extends  up  the  roadway  of  the  room,  notes 
that  the  connection  at  the  room  mouth  is  made,  and  then  leaves  the 
mine.  In  connecting  the  detonator  legs  to  the  No.  14  wire  care  is 
taken  to  strip  the  insulation  oflf  the  lead  wires  and  to  wrap  the  legs 
around  the  No.  14  wire,  not  looping  them,  as  is  done  in  some  mines. 

After  all  the  miners  have  left  the  mine  the  shot  fixer  goes  through 
each  entry  and  notes  that  the  switch  at  the  mouth  of  each  room  is 
closed  or  that  the  connection  is  made  at  the  room  mouth  if  the  switch 
is  not  used.  At  the  mouth  of  each  cross  entry  he  unlocks  the  switch 
box,  throws  in  the  switch,  and  locks  the  box.  He  then  proceeds  to 
the  mouth  of  the  mine,  enters  the  shot-firing  cabin,  and  notes  that 
all  the  checks  have  been  taken  off  the  board,  which  signifies  that  the 
check  owners  have  left  the  mine.  If  any  checks  are  still  remaining 
on  the  board,  he  searches  the  mine  until  the  men  represented  by  the 
checks  are  found,  or  if  any  miner  has  left  the  mine  without  taking 
his  check  with  him  tlxis  fact  is  determined.  Usually  there  is  a  fine 
provided  for  failure  to  leave  or  take  away  a  check  at  the  proper  time. 

When  the  shot  firer  has  ascertained  that  all  the  cliecks  have  been 
taken  from  the  board,  he  then  goes  to  the  power  house,  where  there 
is  a  switch  provided,  and  generally  an  electric  generator  giving 
direct  current  of  about  500  volts,  to  fire  the  shots.  The  shot  firer 
instructs  the  man  in  the  power  house  to  tlu'ow  in  the  power-house 
switch  and  then  returns  to  liis  own  cabin,  unlocks  the  switch  box 
there,  and  throws  in  the  switch,  tlius  firing  all  tlio  shots  in  tlie  mine. 
After  the  shots  have  been  fired,  tlie  shot  firer  opens  the  switch  and 
locks  the  box. 

There  are  always. some  misfires,  caused  by  carelessness  in  making 
connections,  by  falls  of  roof  deranging  the  wires,  or  by  projecting 
portions  of  the  roof  cutting  the  insulation  off  the  wires.  Tlie  fire 
boss  goes  into  the  mine  about  an  hour  after  the  shots  have  been  fired 
and  unlocks  each  box,  throws  out  the  switch,  and  locks  the  box  again. 
He  then  proceeds  to  each  working  place,  notes  what  shots  failed  to 
go  off,  and  connects  them  up  properly.  Wlien  he  leaves  the  mine  at 
the  close  of  his  shift  he  unlocks  each  box,  throws  in  the  switches,  and 
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fires  the  shots  just  as  a  shot  firer  on  a  day  shift  would  do.  By  this 
procedure  the  number  of  failiu*es  is  reduced  to  a  minimum.  The 
average  proportion  of  failures  is  said  to  be  about  one-half  of  1  per 

cent;  or  about  one  failure  to 
every  200  shots. 

Figure  4  shows  a  plan  of 
mine  workings  wired  for  such  a 
method  of  electrical  firing. 

The  cost  of  equipping  a  mine 
for  firing  shots  by  the  method 
above  outlined  varies  from  $1 ,000 
to  $3,000,  depending  upon  the 
size  of  the  mine.  The  mainte- 
nance and  operation  of  the  sys- 
tem is  said  to  cost  from  1  to  3 
cents  per  ton.  It  has  been  used 
successfully  for  some  time  past 
in  some  coal  fields,  and  its  adop- 
tion in  other  fields,  where  per- 
mitted by  local  conditions,  would 
reduce  accidents  in  coal  mines. 

SUMMARY. 

The  successful  methods  that 
have  resulted  from  the  efforts 
made  in  Eiu*opean  coal-produc- 
ing countries  to  reduce  explo- 
sions in  coal  mines  are  rapidly 
being  put  in  operation  in  the 
United  States. 

Following     the     example    of 

FactoM  that  are  Great     Britain, 
wairiTigwiiiiiigiafer.  Belgium,       and 

Germany,  a  large  number  of  the 
coal-mining  States  of  this  coun- 
try are  restricting  the  use  of  black 
blasting  powder  in  the  more  dan- 
gerous coal  mines.  In  conse- 
quence, permissible  explosives 
are  rapidly  taking  its  place.   The 

table  on  page  9  clearly  shows 
PiGimE4.-pian  Of  minejorkings  wired  for  electrical    the  marked  increase  in  the  usc 

of  safer  explosives  during  1909. 
In  that  year  8,598,027  pounds  of  permissible  explosives,  representing 
31  different  kinds,  were  used  in  the  United  States.     In  the  mines  and 
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quarries  of  Great  Britain  there  were  used,  in  the  same  year,  8,502,232 
pounds  of  *' permitted"  explosive,  representing  48  different  kinds. 

Better  regulations  for  the  storage  and  handling  of  explosives  for 
use  in  coal  mines  are  being  adopted  by  many  of  the  large  mining 
companies. 

The  quantity  of  explosive  to  be  taken  into  a  mine  is  limited,  in 
many  districts,  through  the  action  of  State  authorities  and  the  more 
progressive  operators. 

Special  men  known  as  shot  firers  are  employed  in  many  mines  for 
loading,  tamping,  and  firing  all  explosives.  Some  mines  have  adopted 
the  excellent  practice  of  giving  these  men  charge  of  the  handling  of 
explosives. 

The  system  of  firing  shots  from  the  surface  by  electricity  after  all 
men  are  out  of  the  mine,  first  adopted  in  Utah,  is  being  introduced 
in  Colorado,  New  Mexico,  Alabama,  and  other  States. 

Coal  dust  or  other  combustible  and  therefore  dangerous  material 
for  stemming  is  being  replaced  at  mines  in  all  parts  of  the  country  by 
clay  or  other  incombustible  material. 

The  practice  of  wetting  the  coal  dust  in  the  mines,  by  watering  the 
sides  and  roofs  of  working  places  and  by  humidifying  the  mine  air 
with  steam  jets  or  water  sprays  has  spread  rapidly  in  the  past  two 
years. 

State  mine  inspectors  enforce  mining  laws  and  the  regulations  gov- 
erning coal  mines  much  better  now  than  they  did  a  few  years  ago. 

The  measures  taken  in  tliis  country  to  prevent  explosions  in  coal 
mines  are  becoming  nearly  as  effective  as  those  adopted  in  Europe, 
and  the  proportion  of  deaths  caused  by  explosions  will  grow  smaller 
as  preventive  measures  become  still  more  effective. 

PUBLICATIONS  ON  MINE  ACCIDENTS  AND  TESTS  OF 

EXPLOSIVES. 

The  following  Bureau  of  Mines  publications  may  be  obtained  free 
by  applying  to  the  Director,  Bureau  of  Mines,  Washington,  D.  C. : 

Bulletin  15.  Investigations  of  explosives  used  in  coal  mines,  by  Clarence  Hall, 
W.  O.  Snelling,  and  S.  P.  Howell,  with  a  chapter  on  the  natural  gas  used  at  Pitts- 
burgh, by  G.  A.  Burrell,  and  an  introduction  by  C.  E.  Munroe.     1911.     197  pp.,  7  pis. 

Bulletin  17.  A  primer  on  explosives  for  coal  miners,  by  Charles  E.  Munroe  and 
Clarence  Hall.  1911.  61  pp.  10  pis.  Reprint  of  United  States  Geological  Survey 
Bulletin  423. 

Bulletin  20.  The  explosibility  of  coal  dust,  by  George  S.  Rice,  with  chapters  by 
J.  C.  W.  Frazer,  Axel  Larsen,  Frank  Haas,  and  Carl  Scholz.  1911.  205  pp.  14  pis. 
Reprint  of  United  States  Geological  Siu-vey  Bulletin  425. 

Miners'  Circular  2.  Permissible  explosives  tested  prior  to  January  1,  1911,  and 
precautions  to  be  taken  in  their  use,  by  Clarence  Hall.     1911.     12  pp. 

Miners'  Circular  3.  Coal-dust  explosions,  by  George  S.  Rice.    1911.    22  pp. 
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Miners'  Circular  4.  The  use  and  care  of  mine-reacue  breathing  apparatus,  by 
J.  W.  PauL     1911.    24  pp. 

Miners'  Circular  5.  Electrical  accidents  in  mines;  their  causes  and  prevention, 
by  H.  H.  Clark.    1911.    10  pp.    2  pis. 

Technical  Paper  4.  The  electrical  section  of  the  Bureau  of  Mines,  its  purpose 
and  equipment,  by  H.  H.  Clark.    1911.     13  pp. 

Technical  Paper  6.  The  rate  of  burning  of  fuse,  as  influenced  by  temperature 
and  pressure,  by  W.  O.  Snelling  and  W.  C.  Cope.     1912.    28  pp. 

Technical  Paper  7.  Investigations  of  fuse  and  miners'  squibs,  by  Clarence  Hall 
and  Spencer  P.  Howell.     1912.     19  pp. 
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APPARATUS  MB  METHODS  FOR  THE  SAMPLING  AND 
ANALYSIS  OF  FURNACE  GASES. 


By  J.  C.  W.  Frazer  and  E.  J.  Hoffman. 


INTRODUCTION. 

The  apparatus  and  methods  described  in  the  following  pages  were 
devised  and  used  by  the  writers  in  connection  with  certain  investiga- 
tions of  the  technologic  branch  of  the  United  States  Geological  Sur- 
vey, especially  those  bearing  on  the  improvement  of  furnace  condi- 
tions and  on  efficiency  in  the  use  of  fuel. 

The  Bureau  of  Mines,  which  has  charge  of  such  analyses  and  test* 
of  fuels  as  were  formerly  made  by  the  technologic  branch  of  the  Sur- 
vey, is  using  the  same  apparatus  and  methods  in  connectitm  with 
similar  investigations  that  are  being  carried  on  at  the  testing  plant 
of  the  bureau  at  Pittsburg,  Pa. 

The  furnace  conditions  prevailing  both  in  small  plants  and  in  large 
industrial  establishments  in  this  country  are  frequently  far  from 
satisfactory.  If  such  conditions  are  to  be  improved,  they  must  be 
more  thoroughly  understood,  and  means  must  be  found  to  insure 
complete  combustion  of  the  fuel,  and  yet  to  permit  operation  with 
such  an  excess  of  air  as  will  result  in  the  greatest  efficiency. 

In  this  work  the  services  of  the  chemist  are  indispensable.  A  very 
important  problem  is  the  determination  of  the  small  percentage  of 
unbumed  combustible  matter  that  escapes  from  the  furnace  in  the 
flu©  gases.  Under  ordinary  circumstances  so  little  as  0.1  per  cent  of 
unbumed  combustible  matter  in  a  furnace  gas  is  equivalent  to  about 
1  per  cent  of  the  fuel  used ;  and  for  the  determination  of  such  small 
percentages  of  gas  more  accurate  and  refined  methods  are  required 
th^^^to     rdinarily  been  available  heretofore. 

*  M     purpose  of  this  paper  to  describe  some  apparatus  and 

ch  have  proved  satisfactory  to  those  engaged  in  the 

k  of  the  investigations  mentioned.     While  these  methods 

us  have  bee"  ^   more  particularly  with   regard 

is  by  no  means  limited  to  that 

se  their  applicability  to  other 

TSis  of  gases  are  involve'' 


4  SAMPLING  AND  ANALYSIS  OF  FURNACE  GASES. 

SAMPLING  OF  FURNACE  GASES. 

The  proper  sampling  of  gases  is  frequently  difficult  when  the 
gas  mixture  under  investigation  is  not  homogeneous.  The  problem 
in  sampling  furnace  gases  is  further  complicated  by  the  necessity 
of  protecting  the  part  of  the  sampling  apparatus  introduced  into 
the  heated  gases.  It  is  not  difficult  to  obtain  a  sample  of  gas  from 
a  given  point  within  a  furnace;  but  as  in  most  cases  the  composi- 
tion of  the  gas  is  constantly  changing,  some  method  must  be  pro- 
vided by  which  the  sample  will  represent  the  average  composition 
of  the  gas  at  the  point  of  collection  during  a  desired  period ;  or  the 
sample  must  be  collected  almost  instantaneously,  so  that  it  will 
merely  represent  the  composition  of  the  gas  at  the  point  and  at  the 
instant  of  collection. 

-  A  sample  taken  in  either  of  these  ways  is  only  representative  of 
the  gas  occupying  a  certain  space  surrounding  the  point  of  collection. 
In  order  to  determine  the  average  composition  of  the  entire  volume 
of  gas  it  is  necessary  to  multiply  the  number  of  samples  and  to  dis- 
tribute the  points  of  collection  in  such  a  manner  that  the  average  of 
the  samples  will  correctly  represent  the  entire  gas  body.  The  num- 
ber of  samples  taken  should  depend  on  the  differences  in  composition 
that  are  presumed  to  exist  throughout  the  volume  of  gas  to  be  sam- 
pled^  The  difference  in  composition  between  samples  taken  at  any 
two  adjacent  points  of  collection  should  not  be  greater  than  from  0.8 
to  0.5  per  cent. 

In  the  following  pages  methods  are  described  for  the  collection  of 
"  continuous  "  samples,  taken  during  any  convenient  period  of  time, 
and  of  "  instantaneous  "  samples. 

CONTINUOUS  SAMPLING. 

The  sampling  of  flue  gases  can  usually  be  accomplished  satisfac- 
torily by  using  a  perforated  iron  pipe  placed  in  the  flue  at  the  desired 
point.  For  a  sample  of  flue  gases  to  be  representative  it  should  be 
collected  from  a  number  of  points  in  a  given  cross  section.  As  the 
composition  of  the  flue  gases  at  any  instant  does  not  vary  much  at 
different  points  in  a  given  cross  section,  the  easiest  method  is  to  use 
a  tube  with  2-mm.  perforations  so  shaped  that  it  will  best  dis- 
tribute the  points  from  which  the  gas  is  to  be  drawn  for  analysis. 
In  case  none  of  the  holes  becomes  stopped,  a  sample  drawn  through 
such  a  tube  by  gentle  suction  will  be  sufficiently  representative  for 
most  purposes. 

A  common  method  of  collecting  a  sample  is  to  attach  a  large  bottle 
Riled  with  water  to  the  outside  open  end  of  such  a  sampling  tube 
and  then  to  allow  the  water  to  escape  at  such  a  rate  that  the  gas, 
which  replaces  the  water  in  the  bottle,  is  collected  in  the  desired  time. 
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It  is  not  advisable  to  sample  gases  that  contain  a  considerable  pro- 
portion of  carbon  dioxide  in  this  way  because  of  the  great  ease  with 
which  water,  or  even  a  solution  of  common  salt,  dissolves  that  con- 
stituent and  thus  tends  to  equalize  the  content  of  carbon  dioxide  in 
the  samples  collected.  To  illustrate:  If  water  is 
saturated  with  furnace  gas  containing  12  per  cent 
of  carbon  dioxide  and  is  then  used  in  collecting  a 
sample  from  gas  having  a  carbon-dioxide  content 
of  8  per  cent,  the  water  saturated  with  gas  con- 
taining 12  per  cent  of  carbon  dioxide  will  give 
up  some  of  the  dissolved  gas,  and  the  sample 
will  be  found  to  contain  more  than  8  per  cent 
of  carbon  dioxide.  The  magnitude  of  the  error 
introduced  in  this  way  will  vary  with  conditions, 
but  it  will  depend  largely  on  the  length  of  the 
sampling  period  and  the  total  time  of  contact  of 
the  sample  with  the  water. 

The  following  method  of  sampling  was  devised 
to  obviate  this  difficulty,  as  well  as  certain  others. 
As  it  has  proved  satisfactory  it  will  be  described 
in  some  detail. 

COLLECTION  AND  8T0KAGE  OF  THE  SAMPLE. 

The  glass  vessel  illustrated  in  figure  1  is  utilized 
both  as  an  important  part  of  the  sampling  device 
and  as  a  holder  for  the  sample  after  collection. 
The  vessel  should  have  a  capacity  of  150  to 
250  c.  c.  If,  when  the  vessel  is  in  the  position 
shown  and  is  filled  with  mercury,  the  stopcocks 
a  and  h  are  opened  the  mercury  will  flow  from 
the  lower  tube.  The  gas  will  then  be  drawn 
through  the  upper  tube,  enter  the  vessel  at  r,  and 
collect  above  the  mercury.  So  long  as  the  surface 
of  the  mercury  remains  above  c,  the  same  vol- 
ume of  gas  will  be  collected  in  each  equal  interval 
of  the  sampling  period,  so  that  the  sample  ob- 
tained will  be  representative.  The  time  required 
for  a  certain  amount  of  mercury  to  rim  from 
the  vessel  can  be  varied  from  that  taken  when 
both  a  and  b  are  completely  open  to  a  period  of  from  8  to  10  hours,  or 
even  longer,  by  attaching  at  d^  by  means  of  a  rubber  tube,  a  short 
piece  of  glass  tubing  drawn  out  to  a  smaller  diameter.  By  trial  these 
short  glass  tubes  can  be  made  of  proper  diameter  to  deliver  the 
mercury  at  almost  any  desired  rate. 


Figure  1. — Gas-sam- 
ple collector  and 
container. 
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After  the  sample  of  gas  has  been  collected  the  tube  above  a  is  filled 
with  mercury  from  a  small  funnel  whose  stem  has  been  drawn  out  to 
a  capillary.  The  vessel  is  then  inverted  and,  by  means  of  a  rubber 
tube  attached  to  a  mercury  reservoir,  the  inclosed  gas  is  put  under 
a  pressure  of  about  100  mm.  of  mercury.  When  the  vessel  is  returned 
to  its  original  position,  as  shown  in  the  illustration,  the  stopcocks  a 
and  b  are  mercury  sealed,  and  there  is  no  danger  of  gas  leaking  into 
or  out  of  the  vessel. 

When  it  is  desired  to  remove  the  sample  for  analysis  the  vessel  is 
again  inverted  and  the  tube  above  b  is  filled  with  mercury  and  attached 
to  the  burette.  By  means  of  the  mercury  reservoir  previously  used 
to  put  the  gas  under  pressure,  the  desired  volume  of  gas  is  forced  out 
of  the  vessel  into  the  burette.  In  case  the  gas  is  to  be  measured  over 
water,  the  tube  above  the  stopcock  b  is  filled  with  water  instead 
of  mercury. 

In  order  to  facilitate  the  safe  handling  of  these  vessels  it  is  neces- 
sary to  mount  them  in  a  portable  stand,  and  frequently  it  is  desirable 
to  arrange  them  in  batteries  of  two  to  four  each.  Figure  2  illus- 
trates a  convenient  method  of  mounting  four  of  these  tubes.  The 
stand  consists  of  the  two  uprights.  A,  supporting  the  two  shelves,  B, 
and  having  iron  rods,  C,  extending  from  side  to  side  through  holes 
bored  about  3  cm.  from  each  end  of  the  uprights.  The  iron  rods 
not  only  strengthen  the  stand,  but  are  convenient  handles.  The 
shelves  are  divided  longitudinally  through  the  center  and  holes  for 
the  tubes  are  made  along  these  lines  of  division.  When  filled  with 
mercury  the  vessels  should  be  carefully  supported  at  both  ends. 
Therefore  the  holes  for  the  tubes  are  enlarged  for  a  distance  equal  to 
about  one-half  the  thickness  of  the  shelf,  to  receive  the  tapering  ends 
of  the  vessels,  and  the  open  spaces  around  these  ends  are  filled  with 
plaster  of  paris.  This  is  done  by  filling  the  cavity  in  each  half  of 
the  shelf  independently,  so  that  the  front  half  of  each  shelf  may  be 
taken  out  at  any  time  and  a  vessel  removed  without  disturbing  the 
remaining  ones. 

THE   WATER-COOLED   SAMPLING   TUBE. 

The  portion  of  the  sampling  apparatus  which  is  introduced  into  the 
furnace  may  be  either  a  water-cooled  metal  tube  or,  better,  a  water- 
cooled  quartz  tube. 

A  type  of  water-cooled  metal  tube  that  has  been  found  satisfactory 
is  illustrated  by  A,  in  figure  3.  The  inside  tube,  through  which  the  gas 
is  collected,  is  kept  cool  by  cold  water,  which  passes  through  the  sur- 
rounding tube  and  returns  through  the  outside  annular  compartment. 
When  the  inner  tube  is  of  quartz,  the  only  difference  in  construction 
is  the  use  of  asbestos  packing  to  insure  a  water-tight  joint  at  each 
end.     An  apparatus  provided  with  a  quartz  tube  is  more  fragile  than 
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one  wholly  of  metal,  but  it  is  preferable,  as  it  has  a  greater  range  of 
utility  and  may  even  be  used  in  the  fuel  bed.  If  the  diameter  of  the 
inner  tube  be  small  enough,  the  end  projecting  from  the  furnace  may 
be  attached  directly  to  the  vessel  receiving  the  sample  of  gas;  but, 


Figure  2. — Portable  stand  for  gas-sample  containers. 

for  the  reasons  given  later,  it  is  not  generally  practicable  to  have  the 
diameter  of  the  tube  so  small.  It  is  preferable  to  connect  the  end  of 
the  tube  with  a  J-inch  lead  pipe,  which  is  brought  over  to  a  table 
situated  as  near  the  furnace  as  possible.    By  connecting  the  other 
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end  of  the  lead  pipe  to  an  aspirator,  a  continuous  current  of  gas  may 
be  drawn  from  the  furnace.  If  the  gas  is  drawn  through  the  tube 
rather  rapidly,  its  composition  will  approximate  closely  that  of  the 
furnace  gases  at  the  point  reached  by  the  open  end  of  the  tube.  At 
the  table  the  lead  pipe  is  perforated  at  a  convenient  point  and  a  glass 
tube  of  small  bore  is  inserted.  This  tube  is  connected  directly  with 
the  mercury-filled  sample  receiver,  and  the  sample  is  taken  from  the 
current  of  gas  flowing  through  the  lead  tube. 

When  working  in  the  region  of  the  flame,  it  frequently  happens 
that  the  water-cooled  tube  becomes  clogged  by  the  condensed  tarry 
matter  and  by  the  molten  ash  which  is  carried  bodily  through  the 
furnace  by  the  rapidly  moving  gases.  The  diameter  of  the  tube 
should  be  large  enough  to  prevent  this.  Water  vapor  derived  from 
moisture  in  the  fuel  and  from  the  combustion  of  hydrogen  and  its 
compounds  also  condenses  in  the  tube,  which  should  be  so  large  that 
the  tendency  to  form  a  water  column  by  capillarity  may  be  easily  over- 
come by  the  current  of  gas.  Otherwise  such  a  column  may  form  and 
stop  the  flow  of  gas  entirely.  It  is  advisable  to  use  a  tube  with 
an  inside  diameter  of  about  three-sixteenths  of  an  inch.  .In  order 
to  be  sure  that  the  current  of  gas  is  flowing  properly  through  the 
tubes  it  is  necessary  to  introduce  a  trap  at  some  point  beyond  that 
at  which  the  sample  is  taken  from  the  lead  pipe.  The  trap  is  simply 
a  wash  bottle  containing  water  through  which  the  gas  bubbles  on 
its  way  to  the  aspirator,  the  rate  of  bubbling  roughly  indicating 
conditions  in  the  tubes.  Figure  3  illustrates  the  entire  sampling 
system. 

As  previously  stated,  a  sample  taken  in  this  way  will  represent 
only  the  average  conditions  prevailing  during  the  period  of  collec- 
tion in  a  certain  space  about  the  point  reached  by  the  end  of  the 
sampling  tube.  In  order  to  ascertain  conditions  throughout  the  fur- 
nace, or  throughout  any  given  portion  of  it,  it  is  necessary  to  multi- 
ply and  properly  distribute  the  number  of  points  from  which  sam- 
ples are  taken.  As  many  sampling  tubes  as  desired  may  be  inserted 
in  the  furnace  at  different  points,  and  separate  samples  collected 
simultaneously.  The  same  aspirator  may  be  used  to  obtain  all  the 
samples,  the  lead  pipes  attached  to  the  different  sampling  tubes  being 
led  to  the  table  on  which  are  placed  the  vessels  to  receive  the  samples. 

INSTANTANEOUS  SAMPLING. 

Frequently  it  is  desirable  to  ascertain  the  composition  of  gases  at 
some  point  in  a  furnace  at  a  certain  definite  instant.  Such  would  be 
the  case  when  there  might  be  reason  to  suspect  that  the  gases  would 
decompose  during  a  period  of  continuous  sampling  or  when  it  might 
be  desired  to  study  the  progress  of  reactions  in  the  furnace.  This 
method  is  employed  by  certain  investigators  in  collecting  samples 
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from  the  flame  of  burning  gases  and  from  the  explosion  flame  of  coal 
dust,  etc.  Further,  the  use  of  this  method  enables  one  to  obtain  cer- 
tain inftH'mation  concerning  furnace  conditions  which  he  might  not 
be  able  to  obtain  by  the  use  of  the  continuous-sampling  method.  It 
was  for  the  purpose  of  collecting  instantaneous  mmples  that  the 
device  shown  in  ^;are  4  was  constructed. 


FtacRR  3. — ATTBngnnral  at  apparatai  tor  MnfillBc  (aniaw  (wea. 
DB8CR1PTI0M   OF  APPAKATUS.     " 

The  apparatus  consiiitis  of  a  quartz  sampling  tube,  A,  of  100-c.  c. 
capacity,  immersed  in  wafer  contained  in  the  steel  tube  B,  which 
is  1.2  meters  in  length  and  10  cm.  in  diamettf.  At  each  end  the 
vessel  terminates  in  a  thick-walled  quartz  tube,  1-mm.  bore,  pro- 
vided with  H  stopcock,  as  shown.  One  of  the  tnlies,  a,  extends  150  mm. 
beyond  the  stopcock,  and  the  open  end  projects  beyond  the  end  of  B. 
An  enlargement,  b,  60  mm.  from  the  stopcock,  gives  a  firmer  hold  for 
the  cement  of  litharge  and  glycerin  with  which  the  cavity  in  the  col- 
lar c  is  filled ;  in  this  way  c  is  fastened  permanently  to  a.  The  device 
S2S07°— ll~-2 
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for  opening  and  closing  the  sampling 
tube  from  the  outside  is  made  of  brass 
and  is  supported  by  the  two  end  pieces 
e  of  the  steel  tube  B.  It  consists  of 
the  brass  frame  C,  in  which  is  sup- 
ported the  mechanism  for  turning  the 
stopcock.  This  consists  of  the  brass 
shaft  h,  on  which  is  set  the  wheel  i 
and,  beneath  the  frame,  the  brass 
plate  /,  carrying  four  projections,  p, 
which  fit  around  the  handle  of  the 
stopcock,  as  shown.  In  order  to 
avoid  straining  the  stopcock  in  turn- 
ing, .which  might  joccur  if  h  were  not 
centered  above  the  stopcock,  the 
pieces  g  are  small  rollers.  The  face 
of  the  wheel  i  is  threaded  to  engage 
with  tlie  threaded  end  of  the  brass 
rod  r.  The  piece  k  serves  as  a  guide 
for  the  brass  rod  and  affords  a  means 
of  adjusting  the  threaded  end  of  the 
rod  to  the  face  of  /.  The  adjustment 
is  accomplished  by  having  the  hole 
in  k  through  which  the  rod  r  passes 
eccentric  to  the  bearing  of  k  in  C. 
A  movable  stop,  m,  can  be  set  to 
limit  the  rotation  of  i  and  the  extent 
to  which  the  stopcock  may  be  turned. 
The  steel  tube  B  is  threaded  in- 
ternally at  each  end  to  receive  the 
threaded  steel  pieces  p,  which  are 
tapped  to  receive  bolts  which  secure 
the  end  pieces  e.  The  arrangement 
of  this  portion  of  the  apparatus  can 
be  seen  best  by  referring  to  the  semi- 
circular drawing  which  shows  the 
plan  of  the  end  introduced  into  the 
furnace.  AH  joints  leading  to  the 
interior  of  B  are  made  tight  by  lead 
washers,  on  which  the  two  surfaces 
are  tightly  drawn  by  means  of  bolts. 

OPERATION  OF  APPARATDS. 

Before  collecting  a  sample,  the  end 
piece  e,  which  is  to  carry  the  vessel 
A,   is   removed    by   unscrewing  the 
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bolts  which  bind  it  to  B.  The  quartz  tube  is  placed  in  position  and 
the  nut  tightened.  During  this  operation  c  is  prevented  from  rotat- 
ing by  two  small  dowel  pins  which  enter  holes  provided  for  them 
in  e.  By  trial  m  is  adjusted  so  that  when  the  rod  r  reaches  it  the 
handle  of  the  stopcock  is  rotated  90°.  It  is  customary  to  adjust  the 
stopcock  so  that  communication  with  A  is  established  when  r  is 
against  m  as  shown.  The  withdrawal  of  r  then  closes  the  stopcock. 
Having  the  stopcock  properly  adjusted,  the  end  piece  e  is  bolted  to  B, 
and  the  latter  is  suspended  in  a  vertical  position  by  a  handle  clamped 
on  the  other  end,  and  not  shown  in  the  illustration.  While  in  a  ver- 
tical position  the  rod  r  is  introduced  through  the  brass  bushing  at 
tiie  upper  end  and  finds  its  way  without  difficulty  into  the  hole  in  k. 
The  steel  tube  B  is  filled  with  water  through  n^  which  is  then  closed 
by  a  perforated  rubber  stopper,  through  which  passes  a  short  glass 
tube  bent  at  a  right  angle  and  having  its  projecting  end  directed 
upward  when  the  apparatus  is  in  use.  This  tube  relieves  the  internal 
pressure  when  the  temperature  of  the  water  rises. 

The  apparatus  is  then  taken  to  a  vacuum  pump  and  placed  in  a 
horizontal  position  in  two  semicircular  rests  which  prevent  its  mov- 
ing while  it  is  connected  with  the  pump.  TVTien  the  tube  A  is  ex- 
hausted, and  while  it  is  still  connected  with  the  pump,  r  is  with- 
drawn so  far  that  the  threaded  end  leaves  i  but  remains  in  k.  This 
closes  the  stopcock.  The  time  at  which  r  and  i  become  disengaged 
can  be  readily  determined  by  the  increased  ease  with  which  r  moves. 
The  pump  is  disconnected,  and  as  soon  as  convenient  the  apparatus 
is  introduced  into  the  furnace,  the  open  end  of  the  tube  a  being 
placed  at  the  point  from  which  the  sample  is  desired.  The  stopcock 
is  opened  by  pushing  in  the  rod  r  until  it  is  in  contact  with  m,  and 
after  the  short  time  required  for  A  to  fill  the  rod  is  withdrawn  and 
the  stopcock  thus  closed. 

As  the  sampler  remains  in  the  furnace  only  about  30  seconds,  and 
as  the  quantity  of  water  in  B  is  considerable,  it  is  unnecessary  to 
provide  for  a  circulation  of  this  water.  In  collecting  a  sample  it 
was  found  that  the  temperature  of  water  in  B  did  not  rise  more  than 
10^  even  when  the  tube  was  inserted  in  the  hottest  oart  of  the 
furnace. 

After  removing  the  apparatus  from  the  furnace,  the  water  is 
drained  from  B,  the  rod  r  is  withdrawn,  the  nut  d  is  started  to  in- 
sure its  subsequent  easy  removal,  and  the  end  piece  ^,  carrying  a,  is 
removed.  Then  d  is  taken  entirely  off,  and  after  the  two  glass  tubes 
have  been  filled  up  to  the  stopcocks  with  mercury  the  sample  in  A  is 
transferred  to  one  of  the  holders  illustrated  in  figure  1.  Since  it 
requires  about  30  minutes  for  the  complete  operation  of  collecting 
a  sample  in  this  way,  a  series  of  samples  is  generally  collected  and 
stored  in  the  holders  before  making  the  analyses. 
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The  vacuum  pump  employed  for  evacuating  the  quartz  sampling 
tubes  is  a  Duplex  A  Geryk  pump  with  which  it  is  possible  to  secure 
a  pressure  as  low  as  a  few  tenths  of  a  millimeter  of  mercury  in  a 
short  time.  The  stopcocks  of  the  quartz  tubes  are  always  carefully 
polished  with  the  finest  emery  and  tested  before  using.  It  has  been 
found  that  when  one  of  these  tubes  is  evacuated  as  completely  as 
possible  and  then  allowed  to  stand  doeed  and  d^«died  from  the 
pump  for  about  30  minutes,  no  leakage  of  air  into  the  bulb  can  be 
detected  by  opening  the  stopcock  with  the  end  of  the  tube  immersed 
in  mercury. 

DETERMINATION  OF  MOISTURE  AND  NITRIC  OXIDE^ 

The  results  of  the  analyses  of  samples  collected  instantaneously 
show  the  ccmditions  prevailing  temporarily  at  the  points  of  collec- 
tion. If  it  is  desired  to  coordinate  the  results  of  analyses  with  con- 
ditions of  furnace  manipulation,  it  is  necessary  to  resort  to  the  con- 
tinuous-sampling method,  which  gives  the  average  composition  of  the 
gases  during  the  period  of  sampling.  However,  the  instantaneous 
method  provides  means  of  obtaining  data  on  two  points,  which  data 
can  be  obtained  with  difficulty,  if  at  all,  by  the  continuous  method. 

With  the  apparatus  illustrated  in  figure  4,  the  amount  of  water 
vapor  accompanying  a  gas  sample  can  be  easily  determined  by  ab- 
sorbing the  moisture  and  weighing  it.  Likewise,  the  presence  of 
traces  of  nitric  oxide  in  furnace  gases  has  been  diown  by  using  a 
simple  modification  of  the  method  just  described.  The  determina- 
tion of  nitric  oxide  is  accomplished  as  follows : 

The  sampling  tube  used  is  a  water-cooled  quartz  tube  similar  to  the 
one  illustrated  in  figure  3.  An  evacuated  8-liter  bottle  is  used  as  a 
receiver  for  the  gas  sample,  in  place  of  the  quartz  vessel  A  shown  in 
figure  4.  Two  glass  tubes,  each  provided  with  a  carefully  ground 
stopcock,  pass  through  two  holes  in  a  rubber  stopper  which  closes 
the  bottle.  One  of  these  tubes  extends  almost  to  the  bottom  of  the 
bottle;  the  other,  which  ends  just  below  the  stopper,  is  bent  at  a 
right  angle  and  connected  directly  with  the  water-cooled  quartz  tube. 
This  arrangement  permits  the  easy  removal  from  the  bottle  of  the 
whole  or  part  of  the  gas  sample,  or  the  introduction  of  any  desired 
liquid  into  the  bottle  without  exposing  the  contained  gas.  The 
stopper  is  completely  covered  with  sealing  wax  to  aid  in  making  the 
bottle  gas-tight.  After  the  introduction  of  the  sampling  tube  into 
the  furnace,  the  evacuated  bottle  is  filled  by  simply  opening  the 
proper  stopcock. 

After  the  collection  of  the  sample,  an  excess  of  an  alkaline  solution 
of  potassium  permanganate  is  introduced  into  the  bottle  and  allowed 
to  stand  for  24  hours.  At  the  end  of  that  time  the  solution  is  with- 
drawn and  tlie  free  ammonia  distilled  off.     Potassium  hydroxide  and 
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fine  aluminum  powder  are  then  added  and  the  mixture  allowed  to 
stand  several  hours,  after  which  the  ammonia  formed  is  distilled  into 
standard  sulphuric  acid. 

The  presence  of  nitric  oxide  can  be  demonstrated  qualitatively  by 
introducing  a  solution  of  starch  and  potassium  iodide  into  the  bottle 
directly  after  the  collection  of  the  sample.  The  blue  color  does  not 
appear  inmiediately,  probaUy  owing  to  the  presence  of  sulphur 
dioxide  in  the  gas,  but  in  a  short  time  the  color  becomes  noticeable 
and  is  soon  quite  pronounced. 

In  the  gases  examined  the  quality  of  the  nitric  oxide  found  varied 
from  0.015  to  0.031  per  cent.  At  the  time  of  taking  these  samples 
the  furnace  conditions  were  not  fav(H*able  to  the  formation  of 
this  constituent,  and  there  is  reasiMi  to  believe  that  the  percentage  of 
nitric  oxide  in  the  furnace  gases  is  frequently  much  greats.  It 
would  require  further  work  to  determine  whetlier  enough  nitric  oxide 
to  be  of  importance  is  ev^  present  in  furnace  gases,  and  also  to  de- 
termine whether  the  source  of  this  nitric  oxide  is  the  nitrogen  of  the 
fuel  or  the  nitrogen  of  the  air.  The  presence  of  relatively  small 
quantities  of  the  constituent  is  of  some  importance,  sinoe  the  forma- 
tion of  the  gas  is  accompanied  by  an  absorption  of  heait 

ANALYSIS  OF  THE  SAMPLE. 

The  sample  having  been  collected,  its  analysis  is  performed  most 
conveniently  by  the  method  of  Hempel.  The  use  of  mercury  in  the 
burette  is  to  be  preferred  to  that  of  water;  but  whichever  is  used, 
the  burette  should  always  be  provided  with  a  water  jacket  to  avoid 
errors  due  to  sudden  changes  in  temperature.  While  the  ordinary 
Hempel  burette  is  sufficiently  accurate  for  most  purposes,  it  does  not 
enable  the  observer  either  to  detect  or  to  determine  changes  in  volume 
amounting  to  0.1  c.  c  or  less,  since  the  error  in  reading  the  burette 
itself  can  not  be  less  than  this  volume. 

As  already  stated,  it  is  a  matter  of  some  importance  to  be  able  to 
measure  smaller  percentages  of  combustible  gases  than  can  be  deter- 
mined by  the  ordinary  Hempel  method,  since  the  flue  gases  are  so 
diluted  that  a  small  percentage  of  combustible  matter  in  them  cor- 
responds to  a  much  greater  percentage  of  the  fuel.  In  order  to 
determine  these  small  percentages  of  ccnnbustible  gases,  a  very  accu- 
rate method  is  required.  The  apparatus  described  by  Hempel  for 
exact  gas  analysis,  which  provides  a  tube  for  compensating  errors 
due  to  variations  in  the  pressure  and  temi^erature  of  the  atmosphere 
(the  principle  of  Pettersson  *) ,  is  in  certain  respects  unsatisfactory. 
In  this  instrument  a  considerable  portion  of  the  air  in  the  com- 
pensator and  an  approximately  equal  volume  of  the  gas  being  meas- 

•Zeltscbr.  fUr  anal.  Chemie.  vol.  25,  pp.  467-484. 
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ured  are  not  inclosed  in  the  water  jacket,  and  while  there  is  a  tend- 
ency to  equalize  any  error  due  to  this  arrangement,  the  compensation 
is  perfect  only  when  the  total  volumes  of  the  two  gases  are  equal. 
Further,  the  burette  itself  can  not  be  read  with  sufficient  accuracy. 

In  1900  A.  IL  White  <»  published  a  description  of  an  apparatus 
devised  to  obviate  these  difficulties.  In  this  apparatus  the  prin- 
ciple of  automatic  compensation  for  changes  in  temperature  and 
pressure  as  suggested  by  Petterssori  and  modified  by  Hempel  and 
others  is  utilized  in  an  improved  form.  The  measuring  portion  of 
this  apparatus  consists  of  two  limbs,  suggested  by  the  burette  of 
Otto  Bleier,*  one  a  series  of  bulbs  to  contain  the  larger  portion  of 
the  measured  gas,  the  other  a  long  straight  tube  of  small  capacity  on 
whose  scale  all  final  readings  of  volume  are  made. 

It  was  in  order  to  obviate  the  same  difficulties  and  to  be  able  to 
measure  all  possible  changes  in  volume  that  the  apparatus  described 
below  was  designed  by  the  writers.  Since  this  apparatus  was  devised 
entirely  independently  and  used  for  some  time  before  their  attention 
was  called  to  the  work  of  Bleier  and  of  White,  and  since  it  is  believed 
to  possess  certain  advantages  over  other  similar  forms  of  apparatus, 
its  description  is  given  here,  but  without  making  any  claim  of 
priority  as  to  its  essential  principles. 

DESCBIPTION  OF  APPARATUS. 

The  apparatus,  illustrated  in  figure  5,  consists  of  the  burette  A  and 
the  automatic  compensating  device  B.  The  measuring  portion  of  the 
burette  A  and  the  whole  of  the  compensator  B  are  inclosed  in  the 
water  jacket  C.  The  measuring  portion  of  the  burette  consists  of 
the  two  limbs  a  and  6,  the  graduated  portions  of  which  are  66  cm. 
long  and  united  at  the  top  in  an  inverted  Y-shaped  connection  to 
which  a  Greiner-Friedrich  two-way  stopcock  is  attached.  Through 
this  stopcock  communication  can  be  made  with  either  of  two  short, 
thick-walled  tubes  of  small  bore,  one  of  which  is  connected  with  the 
^compensating  device.  Outside  the  water  jacket  C,  at  the  lower  end,  is 
a  second  Y  tube,  each  of  whose  limbs  is  provided  with  a  stopcock 
and  attached  by  rubber  connections  to  the  projecting  ends  of  the 
limbs  a  and  h  as  shown.  To  the  lower  end  of  the  Y  tube  is  attached 
heavy  rubber  tubing  connected  with  a  mercury  reservoir  not  shown 
in  the  illustration. 

The  tube  a  consists  of  a  series  of  10  bulbs,  each  having  a  capacity 
of  10  c.  c.  between  the  two  graduation  marks  immediately  above  and 
below  it.  The  straight  glass  tube  h  has  an  internal  diameter  of  about 
4.5  mm.,  and  its  graduated  part  has  a  total  capacity  of  10.1  c.  c.    The 

•Jour.  Am.  Chpm.  Soc,  vol.  22,  1900,  p.  343. 

*Bfr.  Diut-sch  cliem.  Ofsell.,  vol.  :',0,  1807.  pp.  2759,  3128. 
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beginning  of  the  graduated  por- 
tion of  each  limb  of  the  burette  is 
at  c.  The  compensator  B,  while 
utilizing  the  principle  of  Petters- 
son  of  counterbalancing  the  pres- 
sure of  the  gas  to  be  measured 
with  that  of  a  constant  mass  of  air 
occupying  a  constant  volume,  is 
arranged  in  a  somewhat  different 
form  from  Pettersaon's  device. 
The  confined  air,  whose  pressure 
at  a  constant  volume  is  equalized 
by  that  of  the  gas  to  be  measured, 
is  contained  in  the  bulb  d  and 
above  the  mercury  surface  e  in 
the  tube  g,  which  forms  the  lower 
termination  of  the  bulb. 

The  glass  tube  f  is  connected  at 
its  upper  end  with  one  of  the  com- 
munications through  the  stop- 
cock of  the  burette  and  is  sealed 
into  the  top  of  the  bulb  d.  Its 
other  end  extends  nearly  to  the 
bottom  of  g  and  opens  beneath 
the  surface  of  the  mercury.  It  is 
centered  in  ^  at  two  points — A, 
which  is  25  mm.  above  the  sur- 
face of  the  mercury,  and  k,  about 
60  mm.  from  its  lower  end — by 
three  small  glass  projections 
sealed  on  the  outside  of  it  at  each 
of  these  points.  The  diameters  of 
the  tubes  f  and  g  are  proportioned 
so  that  the  distance  from  the  in- 
side of  g  and  the  outside  of  /  is  as 
nearly  as  possible  equal  to  the  in- 
ternal diameter  of  /.  The  dis- 
tance from  the  surface  of  the 
mercury  in  /  to  the  stopcock  of 
the  burette  should  be  as  short  as 
possible,  since  the  gas  in  this  por- 
tion of  the  tube  must  be  drawn 
into  the  burette  by  decreasing  the 
pressure.  The  depth  of  mercury 
in  the  compensator  should  be  suffi- 
cient to  require  about  one-third  of  F.oi«5.-App.™.«.for««ctw««n.iT.ta. 
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an  atmosphere  excess  pressure  in  the  burette  to  force  gas  from  the 
latter  into  the  compensator,  but  the  quantity  of  mercury  should  not 
be  so  great  that  its  expansion  or  contraction  will  cause  an  appreciable 
change  in  the  volume  of  the  inclosed  air.  The  tube  /  should  extend 
nearly  to  the  bottom  of  the  compensator  in  order  to  diq>lftce  as  much 
mercury  as  possible. 

The  compensator  may  be  filled  so  that  the  readings  on  the  burette 
are  the  correct  volumes  of  the  gas  at  0^  C.  and  T60  mm.  preaBore,  or 
it  may  be  closed  under  known  conditicms  of  temperature  and  pres- 
sure and  the  readings  corrected  to  standard  conditions.  The  latter 
method  is  sufficient  for  most  purposes,  and  when  it  is  used  the  com- 
pensator  may  be  closed  by  replacing  the  seal  at  m  by  a  small  tube 
and  stopcock. 

OPERATION   OF   APPARATUS. 

To  obtain  a  reading  of  the  volume  of  a  gas  in  the  burette,  it  is 
first  necessary  to  stir  the  water  in  the  jacket  C  and  allow  a  few 
minutes  to  elapse  in  order  to  be  sure  that  the  gas  is  at  the  tempera- 
ture of  the  surrounding  water.*  Then  by  drawing  nearly  all  the  gas 
into  the  limb  a  and  adjusting  the  pressure  to  approximately  that  of 
the  atmosphere,  the  number  of  bulbs  the  gas  will  fill  completely  when 
at  the  pressure  of  the  air  in  the  compensator  may  be  ascertained. 
Having  determined  this,  the  mercury  in  the  burette  is  brought 
exactly  to  the  level  of  the  graduation  beneath  the  last  bulb  com- 
pletely filled  in  the  trial  experiment  and  the  stopcock  at  the  bottom 
of  the  limb  is  closed.  The  remaining  fraction  of  a  bulb  full  of  gas 
is  then  made  to  enter  the  limb  &,  and  the  two-way  cock  is  turned 
so  as  to  place  the  burette  in  communicaticm  with  the  c<Hnpansator. 
The  pressure  of  the  gas  in  the  burette  is  then  adjusted,  by  means  of 
the  mercury  reservoir,  until  the  two  surfaces  of  mercury  in  the  com- 
pensator are  on  the  same  level.  The  pressure  of  the  gas  in  the  burette 
is  then  equal  to  that  of  the  gas  in  the  compensator.  The  stopcock  at 
the  bottom  of  b  is  then  closed  and  the  reading  of  the  burette  taken. 
To  this  reading  is  added  the  predetermined  capacity,  K,  of  that  part 
of  the  apparatus  between  the  graduated  portion  of  each  limb  of  the 
burette  and  the  mercury  meniscus  in  the  tube  /.  As  each  con- 
stituent of  the  gas  is  determined  by  the  difference  in  the  burette 
readings,  before  and  after  an  absorption,  this  constant  capacity,  K, 
does  not  enter  into  the  determination  of  the  amount  absorbed.  But 
it  is  necessary  to  apply  this  correction  to  obtain  the  initial  volume 
of  the  gas  unless  exactly  sufficient  nitrogen  to  fill  this  part  of  the 
apparatus  is  taken  into  the  burette  previous  to  the  introduction  of 
the  sample. 

*  The  water  Is  stirri'd  by  blowing  air  through  a  glass  tube,  not  shown  in  the  Illustra- 
tion, which  extends  nearly  to  the  bottom  of  the  water  Jacket. 
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The  reading  of  the  burette  requires  some  practice  to  secure  the  best 
results,  but  with  experience  it  can  be  accomplished  quite  readily  and 
with  extreme  accuracy.  The  gases  are  measured  in  the  moist  condi- 
tion, and  the  quantity  of  water  introduced  into  the  burette  and  com- 
pensator to  effect  this  must  be  only  sufficient  to  moisten  the  walls  of 
the  glass  tubes.  If  there  is  sufficient  water  in  the  compensator  to 
drain  down  upon  the  mercury,  the  accurate  adjustment  of  the  mer- 
cury surfaces  is  rendered  difficult;  while  too  much  water  in  the 
burette  is  likely  to  stop  up  the  narrow  tubes  connecting  the  bulbs, 
and  in  this  way  to  interfere  seriously  with  the  distribution  of  pres- 
sure on  the  gas  in  the  burette  and  consequently  with  the  equalization 
of  the  pressures  in  the  burette  and  compensator. 

With  this  apparatus  a  complete  analysis  of  gas  may  be  made  in 
the  usual  way  by  connecting  the  burette  in  turn  with  various  ab- 
sorption pipettes.  It  is,  however,  more  convenient  and  accurate  to 
connect  the  burette  permanently  with  the  desired  pipettes.  By  this 
arrangement  errors  due  to  the  repeated  making  and  breaking  of 
connections  are  avoided.  The  entire  system  may  be  conveniently 
mounted  on  the  same  wooden  support,  and  for  the  analyses  made  thus 
far  such  an  arrangement  has  been  employed. 

A  series  of  three  pipettes  is  connected  with  the  tube  D  by  means 
of  fine  capillary  tubing  in  the  manner  generally  employed  with  the 
Orsat  apparatus.  These  pipettes  consist  of  a  combustion  pipette 
provided  with  an  electrically  heated  platinum  coil  of  the  type  recom- 
mended by  L.  M.  Dennis,  an  absorption  pipette  containing  a  solution 
of  potassium  hydroxide  for  the  absorption  of  carbon  dioxide,  and  a 
pipette  containing  phosphorus  for  the  determination  of  oxygen.  In 
order  to  avoid  error  due  to  the  capacity  of  the  connecting  tubes,  these 
are  made  as  short  as  possible,  and  their  internal  diameter  is  not 
greater  than  0.4  mm.  All  error  from  this  source  can  be  eliminated 
entirely  either  by  actually  determining  the  capacity  of  the  connec- 
tions or  by  filling  them  and  that  part  of  the  apparatus  between  the 
ungraduated  portions  of  the 'burette  and  the  mercury  meniscus  in 
the  tube  /Vith  pure  nitrogen  before  introducing  the  sample  into 
the  burette. 

DEGBEE    OF    ACCUBACT    ATTAINABLE. 

The  limb  h  of  the  burette  on  which  the  readings  are  made  is  gradu- 
ated in  hundredths  of  1  c.  c,  and  tenths  of  these  divisions  can  oe 
estimated  quite  accurately.  Experiments  have  shown  that  50  to  100 
c  c  of  gas  can  be  measured  accurately  to  0.01  c.  c.  With  volumes  less 
than  50  c.  c.  the  readings  can  be  more  precise,  as  a  more  accurate 
adjustment  of  the  mercury  surfaces  in  the  compensator  is  possible. 
The  following  examples  show  the  degree  of  accuracy  which  may  be 
safely  claimed  for  the  apparatus. 
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(1)  A  Tolume  of  nitrogen  passed  in  succession  into  the  pipette 
containing  potassium  hydroxide  and  the  pipette  containing  phos- 
phorus was  drawn  into  the  burette  and  its  volume  determined.  The 
two  readings  were  66.516  and  66.514  c.  c.  The  gas  was  then  passed 
into  the  pipette  containing  potassium  hydroxide,  where  it  was  allowed 
to  stand  two  minutes,  after  which  it  was  returned  to  the  burette  and 
measured.  The  duplicate  readings  were  66.516  and  66.506  a  c  After 
standing  in  the  pipette  containing  phosphorus  for  three  minutes, 
three  readings  showed  66.513,  66.526,  66.521  c.  c.  The  gas  was  then 
passed  back  and  forth  several  times  from  the  burette  to  the  com- 
bustion pipette,  after  which  the  reading  was  66.526  c.  c. 

(2)  A  sample  of  air  was  collected  and  the  carbon  dioxide  and 
oxygen  were  determined.  In  this  case  the  capillary  connections  and 
that  part  of  the  apparatus  between  the  graduated  portion  of  each 
limb  of  the  burette  and  the  mercury  meniscus  in  the  tube  /  were 
filled  with  nitrogen  before  introducing  the  sample.  In  analysis  (a) 
the  volume  of  air  used  was  60.506  c.  c.  and  in  analysis  (&)  it  was 
60.906  c.  c.  The  analyses  gave :  (a),  COj=0.057  per  cent,  Oa=20.866 
per  cent;  (6),  COj=0.046  per  cent,  O,=20.834  per  cent. 

The  data  obtained  in  this  way  from  the  analysis  of  air  may  be  used 
for  determining  K«  and  the  capacity  of  the  capillary  connections. 
To  do  this  the  whole  system  is  filled  with  air  whose  analysis  is  accu- 
rately known,  and  the  volume  included  in  the  graduated  portions 
of  the  burette  is  read.  The  carbon  dioxide  and  oxygen  are  then 
absorbed,  and  the  contractions  observed  complete  the  data  required 
for  determining  the  total  volume  of  air  introduced  into  the  apparatus, 
and  consequently  the  volume  contained  in  the  capillary  connections 
and  that  part  of  the  apparatus  between  the  graduated  portions  of 
the  burette  and  the  mercury  meniscus  in  the  tube  /. 

The  above  description  of  the  manipulation  of  the  apparatus  in- 
volves the  use  of  a  leveling  bottle  attached  to  the  lower  Y  tub^ 
With  care  the  pressures  in  the  burette  and  compensator  can  be  equal- 
ized accurately  by  the  use  of  the  leveling  bottle  alone,  but  th« 
equalizing  can  be  accomplished  more  rapidly  and  with  greater  pre- 
cision by  making  the  final  adjustments  by  means  of  a  screw  plunger 
fitting  tightly  in  its  bearings  in  a  closed  steel  reservoir  filled  with 
mercury.  The  steel  reservoir  has  two  openings,  one  connected  with 
the  Y  tube  by  means  of  a  short  piece  of  rubber  tubing,  and  the  other 
connected  with  the  leveling  bottle  through  a  longer  rubber  tube. 
A  glass  stopcock  is  placed  between  the  reservoir  and  the  leveling  bot- 
tle, by  means  of  which  communication  between  the  two  is  cut  off 
previous  to  the  final  adjustment  of  pressure  by  means  of  the  screw 
plunger.  The  steel  reservoir  also  serves  as  a  trap  for  much  of  the 
dirt  which  becomes  loosened  from  the  inner  walls  of  the  connecting 
rubber  tubes,  and  would  otherwise  find  its  wav  into  the  burette. 

•See  p.  IG. 
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CAUBRATZON  APPARATUS. 

The  principle  of  the  screw-plunger  reser- 
voir has  been  utilized  in  constructing  a 
device  for  calibrating  burettes  and  pipettes, 
or  other  similar  apparatus  used  in  volu- 
metric work.  This  device  is  illustrated  in  fig- 
ure 6.  It  consists  of  the  steel  plunger  A,  to 
which  is  attached  the  steel  cylinder  B,  whose 
circumference  at  a  is  divided  into  100  divi- 
sions, the  steel  piece  D,  in  which  is  cemented 
the  glass  tube  E,  and  the  steel  piece  C,  which 
is  threaded  to  receive  the  lower  end  of  A. 

The  plunger  A  is  the  part  that  has  to  be 
made  with  the  greatest  care.  Its  diameter 
is  so  related  to  the  pitch  of  the  thread  cut  on 
its  lower  end  that  one  complete  revolution 
changes  the  capacity  of  E  by  1  c.  c.  The 
plunger  is  finished  by  careful  grinding. 

The  joint  around  A  is  packed  with  a  hard- 
rubber  wnsher,F, turned  to  fit  between  the  two 
pieces  C  and  D  and  the  face  of  A.  The  shape 
of  the  shoulders  of  C  and  D  at  this  point  is 
such  as  will  tend  to  produce  a  tight  joint 
with  A  when  C  and  D  are  screwed  together. 

The  glass  tube  E  is  cemented  in  D  with  a 
mixture  of  litharge  and  glycerin.  The  ex- 
posed surfaces  of  the  cement  between  E  and 
D  are  subsequently  coated  several  times  with 
a  solution  of  rubber  in  carbon  bisulphide. 
After  each  application  the  rubber  coating  is 
hardened  until  a  tight  joint  is  obtained 
which  will  withstand  the  pressure  of  the 
liquid  within. 

The  motion  of  A  changes  the  capacity  of 
E  by  the  volume  of  that  portion  of  the 
plunger  entering  or  leaving  the  hard-rubber 
ring  F.  The  scale  on  which  this  motion  is 
read  is  a  series  of  horizontal  lines  drawn  on 
the  face  of  C  and  indicating  the  number  of 
whole  revolutions  of  tlie  plunger.  The  divi- 
sions of  the  circumference  of  B  at  a  show 
the  fractions  of  a  revolution  in  hundredths. 
A  second  scale  is  superimposed  on  the  first 
scale  on  C  and  consists  of  n  series  of  11  ver- 
tical lines  spanning  the  same  distance  as  10  '"""'"  *'^''ur'""'  "*"' 
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lines  on  B.  This  vernier  subdivides  the  divisions  on  B  and  permits 
the  reading  of  the  rotation  of  A  to  one  one-thousandth  of  a  revolu- 
tion. When  A  is  ground  so  that  it  displaces  Ice.  when  advanced 
one  turn,  the  readings  on  the  vernier  are  thousands  of  a  cubic  centi- 
meter. However,  the  grinding  can  rarely  be  done  with  sufficient 
accuracy  for  each  revolution  of  the  plunger  to  represent  exactly  1 
c.  c,  but  to  calibrate  the  apparatus  it  is  only  necessary  to  fill  E  with 
mercury  and  weigh  the  quantity  displaced  at  each  complete  revolu- 
tion. The  instrument  should  be  calibrated  at  various  temperatures, 
and  to  insure  accurate  readings  it  is  necessary  either  that  the  lower 
portion  of  B  have  a  grip  of  nonconducting  material  or  that  the 
operator  wear  a  woolen  glove  on  the  hand  used  for  manipulating  the 
instrument. 

By  means  of  this  apparatus  instalments  may  be  calibrated  with 
either  mercur^^  or  water.  If  water  is  used  the  water  is  introduced 
on  top  of  enough  mercury  to  prevent  the  water  from  coming  in  con- 
tact with  the  plunger  at  any  time. 

The  following  table  gives  the  data  obtained  by  calibrating  an  ordi- 
nary 50  c.  c.  burette  with  water  by  means  of  the  above  described 
instrument.  A  previous  determination  of  the  volume  of  mercury 
displaced  by  each  revolution  of  the  plunger  showed  that  it  was  so 
nearly  1  c.  c.  that  it  could  be  assumed  as  such  in  a  calibration  of  this 
kind.  Starting  with  zero  on  the  burette  scale,  each  successive  reading 
of  the  burette  was  made  after  the  plunger  had  been  withdrawn 
exactly  two  revolutions.  As  shown  in  the  table  the  two  series  of 
readings  made  on  the  same  burette  agree  closely.  The  time  required 
to  obtain  both  series  of  results  was  less  than  one  hour. 


Calihration  data. 

Series  1. 

I 

Series  2. 

j 

!  Readings 

Readings 

'     on  the 

Differences. 

on  the 

Differences. 

.    biirelie. 

burette. 

I           0.00 

0.00 
2.01 

2.01 

ioi" 

2.'6i"" 

4.01 

2.00 

4.01 

2.00 

.•).99 

1.99 

5.99 

1.98 

i           7.97 

1.98 

7.98 

1.99 

1            9.94 

1.97 

9.94 

1.96 

11.93 

1.99 

11.94 

2.00 

13.92 

1.99 

13.93 

1.99 

15. 91 

1.99 

15.92 

1.99 

17.  «W 

1.99 

17.91 

1.99 

19.  S9 

1.99 

'          19.90 

1.99 

21.  HM 

1.99 

21.88 

1.98 

23.  hT) 

1.97    • 

23.85 

1.97 

2.5.  S2 

1.97 

26.83 

1.98 

27.81 

1.99    • 

27.82 

1.99 

29.81 

2.00 

29.82 

2.00 

31.80 

1.99 

31.80 

1.98 

33.  78 

1.98 

33.79 

1.99 

3.').  74 

1.96 

35.77 

1.98 

37.73 

1.99 

37.74 

1.97 

39.  72 

1.99 

39.72 

1.98 

41.  m 

1.97 

41.69 

1.97 

43.  (.8 

1.99 

'          43.68 

1.99 

4.'>.05 

1.97 

45.65 

1.97 

47.  fi3 

1.98 

47.65 

2.00 

49.65 

2.02 

1          49.66 

2.01 
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PUBLICATIONS  ON  FXJEIi  TESTING. 

The  following  publications,  except  those  to  which  a  price  is  affixed, 
can  be  obtained  free  by  applying  to  the  Director  of  the  Bureau  of 
Mines,  Washington,  D.  C.  The  poced  publications  can  be  purchased 
from  the  Superintendent  of  Documents,  Government  Printing  Office, 
Washington,  D.  C. 

PUBLICATIONS   OF  THE   BUREAU   OF   MINES. 

BiTLLETiN  1.  The  volatile  matter  of  coal,  bj'  H.  C.  Porter  and  F.  K.  Ovlta. 
1910.    56  pp.,  1  pi.  • 

Bulletin  2.  North  Dakota  lignite  as  a  fuel  for  power-plant  boilers,  by  D.  T. 
Randall  and  Henry  Krelsinger.    1910.    42  pp.,  1  pi. 

Bulletin  3.  The  coke  Industry  of  the  United  States  as  related  to  the  foundry, 
by  Richard  Moldenke.    1910.    32  pp. 

Bulletin  4.  Features  of  producer-gas  power-plant  development  in  Europe,  by 
R.  H.  Femald.    1910.    27  pp.,  4  pis. 

BiTLLETiN  5.  Coking  ^nd  washing  tests  of  coal  at  Denver,  Colo.,  July  1,  1908, 
to  June  30,  1909,  by  A.  W.  Belden,  J.  W.  Groves,  K.  M.  Way,  and  G.  R.  Dela- 
mater.    1910.    62  pp. 

Bulletin  6.  Coals  available  for  illuminating-gas  manufacture,  by  A.  H.  White 
and  Perry  Barker.    1911.     (In  press.) 

Bulletin  7.  Essential  factors  in  the  formation  of  producer  gas,  by  J.  K. 
Clement,  L.  H.  Adams,  and  C.  N.  Haskins.    1911.    58  pp.,  1  pi. 

Bulletin  8.  The  flow  of  heat  through  furnace  walls,  by  W.  T.  Ray  and  Henry 
Kreisinger.    1911.    32  pp. 

BUU.ETIN  9.  Recent  development  of  the  producer-gas  power  plant  in  the 
United  States,  by  R.  H.  Fernald.  1910.  82  pp.  Reprint  of  United  States 
Geological  Surrey  Bulletin  416. 

Bulletin  11.  The  purchase  of  coal  by  the  Government  under  specifications,  by 
G.  S.  Pope.  1910.  80  pp.  Reprint  of  United  States  Geological  Survey  Bulletin 
428. 

PUBLICATIONS    OF    THE    UNITED    STATES    GEOLOGICAL    SURVEY. 

Bulletin  261.  Preliminary  report  on  the  operations  of  the  coal-testing  plant 
of  the  United  States  Geological  Survey  at  the  Ix)uisiana  Purchase  Exposition, 
in  St.  Louis,  Mo.,  1904 ;  E.  W.  Parker,  J.  A.  Holmes,  M.  R.  Campbell,  committee 
in  charge.    1905.    172  pp.    10  cent& 

Professional  paper  48.  Report  on  the  operations  of  the  coal-testing  plant  of 
the  United  States  Geological  Survey  at  the  Louisiana  Purchase  Exposition,  St. 
liOuis,  IVlo.,  1904;  K  W.  Parker,  J.  A.  Holmes,  M.  R.  Campbell,  committee  in 
charge.    1906.    In  three  parts.    1492  pp.,  13  pis.    $1.50. 

Bulletin  290.  Preliminary  report  on  the  operations  of  the  fuel-testing  plant 
of  the  United  States  Geological  Survey  at  St  Louis,  Mo.,  1905,  by  J.  A.  Holmes. 
1906.    240  pp.    20  cents. 

Bulletin  323.  Experimental  work  conducted  in  the  chemical  laboratory  of 
the  United  States  fuel-testing  plant  at  St.  Louis,  Mo.,  January  1.  1905,  to  July 
31,  1906,  by  N.  W.  Lord.    1907.    49  pp.    10  cents. 

Bulletin  325.  A  study  of  four  hundred  steaming  tests  made  at  the  fuel-test- 
ing plant,  St.  I^uis,  Mo.,  1904,  1905,  and  1906,  by  L.  P.  Breckenridge.  1907. 
196  pp.    20  cents. 
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Bulletin  332.  Report  of  the  United  States  fuel-testing  plant  at  St  Loots, 
Mo.,  January  1,  1906,  to  June  30,  1907;  J.  A.  Holmes,  in  charge.  1908.  299  pp. 
25  cents. 

Bulletin  334.  The  burning  of  coal  without  smoke  in  boiler  plants;  a  pre- 
liminary report,  by  D.  T.  Randall.    19Q8.    26  pp.    5  cents.     (See  Bull.  373.) 

Bulletin  336.  Washing  and  coking  tests  of  coal  and  cupola  tests  of  coke,  by 
Richard  Moldenke,  A.  W.  Belden,  and  G.  R.  Delamater.  1908.  76  pp.  10 
cents. 

Bulletin  339.  The  purchase  of  coal  under  Government  and  commercial  speci- 
fications on  the  basis  of  its  heating  value,  with  analyses  of  coal  delivered  under 
Government  contracts,  by  D.  T.  Randall.  1908.  27  pp.  5  cents.  (See  Bull. 
42a) 

Bulletin  343.  Binders  for  coal  briquets,  by  J.  E.  Mills.    1908.    56  pp. 

Bulletin  362.  Mine  sampling  and  chemical  analyses  of  coals  tested  at  the 
United  States  fuel-testing  plant,  Norfolk,  Va..  in  1907,  by  J.  S.  Burrows.     190a 

23  pp.    5  cents. 

Bulletin  363.  Comparative  tests  of  run-of-mine  and  briquetted  coal  on  loco- 
motives. Including  torpedo-boat  tests  and  some  foreign  specifications  for 
briquetted  fuel,  by  W.  F.  M.  Goss.    1908.    57  pp..  4  pis. 

Bulletin  366.  Tests  of  coal  and  briquets  as  fuel  for  house-heating  boilers, 
by  D.  T.  Randall.    1908.    44  pp.,  3  pis. 

Bulletin  367.  Significance  of  drafts  in  steam-boiler  practice,  by  W.  T.  Ray 
and  Henry  Krelsinger.    1909.    61  pp. 

Bulletin  368.  Washing  and  cokhig  tests  of  coal  at  Denver,  CJolo.,  by  A-  W. 
Belden,  G.  R.  Delamater,  and  J.  W.  Groves.    1909.    54  pp..  2  pis.    10  cents. 

Bulletin  373.  The  smokeless  combustion  of  coal  in  boiler  plants,  by  D.  T. 
Randall  and  H.  W.  Weeks.    1909.    188  pp.    20  cents. 

Bulletin  378.  The  purchase  of  coal  under  Government  specifications,  by  J.  S. 
Burrows.    1909.    44  pp.    10  cents.     (See  Bull.  428.) 

Bulletin  382.  The  effect  of  oxygen  in  coal,  by  David  White.  1909.  78  pp^ 
3  pis.    25  cents. 

Bulletin  385.  Brlquettlng  tests  at  the  United  States  fuel-testing  plant,  Nor- 
folk. Va.,  1907-8,  by  C.  L.  Wright.     1909.    41  pp.,  9  pis. 

Bulletin  392.  Commercial  deductions  from  comparisons  of  gasoline  and 
alcohol  tests  on  internal-combustion  engines,  by  R.  M.  Strong.    1909.    38  pp. 

Bulletin  393.  Incidental  problems  in  gas-producer  tests,  by  R.  H.  Femald, 
C.  D.  Smith,  J.  K.  Clement,  and  H.  A.  Grlne.    1909.    29  pp.    5  cents. 

Bulletin  402.  The  utilization  of  fuel  in  locomotive  practice,  by  W.  F.  M. 
Goss.     1909.     28  pp. 

Bulletin  403.  Comparative  tests  of  run-of-mlne  and  briquetted  coal  on  the 
torpedo  boat  Biddle,  by  Walter  T.  Ray  and  Henry  Krelsinger.  1909.  49  pp. 
10  cents. 

Bulletin  412.  Tests  of  run-of-mine  and  briquetted  coal  In  a  locomotive  boiler, 
by  Walter  T.  Ray  and  Henry  Krelsinger.    1909.    32  pp. 

Bulletin  416.  Recent  development  of  the  producer-gas  power  plant  in  the 
United  States,  by  R.  II.  Femald.  1909.  82  pp.,  2  pis.  Reprinted  as  Bureau  of 
Mines  Bulletin  9. 

Bulletin  428.  The  purchase  of  coal  by  the  Government  under  specifications, 
with  analyses  of  coal  delivered  for  the  fiscal  year  1908-9,  by  G.  S.  Pope.  80  pp. 
10  cents.    Reprinted  as  Bureau  of  Mines  Bulletin  11. 
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